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ABSTRACT 
Transitivity in the Choice Behavior of Rats 
by 
Richard Duus, Doctor of Philosophy 
Utah State University, 1982 
Major Professor: Richard B. Powers 
Department: Psychology 
ix 
This study investigated the unidimensional assumption underlying 
choice behavior by examining the transitivity properties of rats' 
choice behavior. In Experiment 1, two variables of reinforcement, 
amount and delay, were manipulated simultaneously in a two lever 
choice situation. The conditions of strong transitivity were not 
present in either reponse count or indifference-measured choice be-
havior, indicating that choice behavior was not distributed along a 
single dimension with ratio scale characteristics. Moderate transi-
tivity conditions were characteristic of both response and indif-
ference-measured choice which was consistent with a single dimension 
possessing interval scale characteristics. In Experiment 2, only 
one reinforcement variable, amount, was manipulated. Strong transi-
tivity was present in both response and indifference measures of 
choice, indicating that subjects' choice behavior was consistent 
with a single dimension with ratio scale characteristics. 
In addition, one of two subjects in Experiment 1 and two of two 
subjects in Experiment 2 fit Baum's expression of the matching law 
with response-count measured choice. The indifference measure of 
x 
choice failed to fit the matching law in either experiment. The 
measure of choice which fit the matching law also conformed to a 
single dimension with interval scale characteristics. Since the 
response-count measure of choice behavior in both Experiments 1 and 
2 was moderately transitive, the transitivity properties were con-
sistent with fits to the matching law. The occasional presence of 
such behaviors as biting the levers, chewing on the cue lights and 
position bias may have decreased subjects' sensitivity to the amount 
of reinforcement variable and contributed to undermatching. The 
indifference measure of choice exhibited moderate transitivity in 
both experiments but did not fit the matching law. 
These results show that tests of transitivity are useful in 
examining the characteristics of the functional relation between 
behavior and its reinforcing consequences. Further research is 
required to determine the usefulness and the limitations of the in-
difference measure of choice behavior. The results were similar to 
other investigators' in showing that strong transitivity was not an 
automatic property of choice behavior and must be tested rather 
than assumed. 
(158 pages) 
INTRODUCTION 
Reinforcement magnitude refers to the operation of varying the 
number of identical food pellets delivered to a subject or of varying 
the number of seconds a subject can eat from a grain hopper (Crespi, 
1942; Fantino, Squires, Delbruck & Peterson, 1972; Logan, 1960). The 
consistent results of operations like the above are that performance 
varies directly with magnitude of reinforcement (Pubols, 1960). Some 
investigations, however, have not corroborated this finding. For 
example~ Keesey and Kling (1961) failed to obtain increased response 
rates corresponding to the increases in amount of reinforcement. 
Other investigations suggested that a larger number of food pellets 
increased the rate of acquisition but did not change asymptotic per~ 
formance levels (Daly, 1972; Traupmann, 1971). 
Delay to reinforcement refers to the operation of interposing 
time before a consequence produced by the response. The result of 
this operation is that as the delay between the response and the rein-
forcer increases, increases in running time, errors, and trials to 
acquisition occur. Shorter constant delays of reinforcement result 
in higher performances than longer delays. Varied short and long de-
lays within subjects produced lower measures of responding than con-
stant short delays (Bolles, 1975; Chung & Herrnstein, 1967; Logan, 
1960; MacKintosh, 1974; Renner, 1964). In contrast to this consist-
ency, Dews (1960) and Ferster (1953) gradually interposed delays to 
reinforcement of up to 60 seconds without affecting response rates. 
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Some investigators take the position that the variables of re-
inforcement magnitude and delay do not directly increase or decrease 
the effects of reinforcement but rather they condition behavior to 
transient situational qualities present in the environment. This 
position is characterized as the incentive motivation view (e.g., 
Carlson & Wielkiewicz, 1976; Hull, 1952; McHose & Moore, 1976; Pubols, 
1960; Renner, 1964). In contrast, Skinner expresses the view that the 
operation of reinforcement directly increases or decreases behavior. 
In the study of choice behavior, this view was developed empirically 
and theoretically as the matching law which states that the amount of 
behavior is directly proportional to reinforcement delivered by that 
behavior. The empirical support for the matching law with a single 
variable of reinforcement is numerous (cf., Baum, 1974, 1979; 
DeVilliers, 1977; DeVilliers & Herrnstein, 1976) and supported regu-
larly by new reports (e.g . , Allen, 1981; Buskist & Miller, 1981; 
DeVilliers, 1980; Herrnstein & Heyman, 1979). The premise of the 
matching law is that a reinforcer, relative to other reinforcing 
events, can be represented as a point on a line which is directly 
proportional to the probability of the occurrence of the response pro-
ducing the reinforcer (Baum, 1974, 1979; DeVilliers, 1977; DeVilliers 
& H err n s t e i n , l 9 7 6 ; H er rn s t e i n , l 9 61 , 1 97 0 , l 9 7 4 ; Ki 11 e e n , l 9 7 2 ; 
Rachlin, 1971). 
Navarick and Fantino (1972, 1975) called this premise the uni-
dimensional assumption which is common to many models of choice be-
havior (Baum, 1974; Herrnstein, 1970, 1974; Fantino, 1977; Hamblin & 
Miller, 1977; Luce, 1959; Premack, 1971). Navarick and Fantino (1974) 
suggested that the importance of the assumption required that its 
3 
appropriateness be tested. Cne such test, suggested by these investi-
, 
gators, is an examination of the transitive properties of choice be-
havior . This test consists of choosing from paired presentations of 
three alternatives,~·~. c. These alternatives might consist of 
different amounts of food where a>b>c. If subjects choose~ more often 
than b when a and~ are paired, b more often than c when band care 
paired, and a over c more often than bis chosen over c when a and c 
are paired, then the unidimensional assumption holds and a subject's 
probability of choosing from paired presentations of the alternatives 
represents a single dimension. 
The following section discusses some key studies of magnitude and 
delay of reinforcement, examines characteristics of the matching law 
pertinent to the current investigation, examines the three levels of 
transitivity, and shows how transitivity can be used to examine choice 
behavior. 
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REVIEW OF THE LITERATURE 
An important principle of the experimental analysis of behavior 
is that increases or decreases in behavior occur as the direct result 
of increasing or decreasing the amount of reinforcement produced by 
the behavior. I refer to this view as response strength theory 
(Skinner, 1938) and it is, perhaps, most strongly opposed by the 
incentive motivation view in which magnitude of reinforcement condi-
tions behavior to other stimulus events in the environment rather 
than directly producing changes in behavior (Carlson & Wielkiewicz, 
1976; McHose & Moore, 1976; Pubols, 1960; Renner, 1964) . One active 
development of response strength theory occurs in investigations of 
the matching law (Baum, 1974, 1979; Catania, 1963; Devilliers, 1977; 
DeVilliers & Herrnstein, 1976; Fantino, 1977; Herrnstein, 1961, 1964, 
1970, 1974; Killeen, 1972; Myers & Myers, 1977; Rachlin, 1971; Staddon 
& Motheral, 1978; Weardon, 1980) . The matching law is defined as the 
change in relative behavior proportional to a change in the relative 
amount of reinforcement . The phrase amount of reinforcement is used 
interchangeably with magnitude of reinforcement . 
Investigations of Magnitude and 
Delay of Reinforcement 
Studies investigating amount of reinforcement indicated that per-
formance directly varied with reinforcement magnitude but that usually 
the rate of acquisition, i.e., the rate at which subject's behavior 
reaches an asymptote, remained the same across different amounts of 
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reinforcement (Bolles, 1975; MacKintosh, 1974; Pubols, 1960). A 
few studies, however, did report that rate of acquisition increased 
with increased reinforcement but that asymptotic performances re-
mained unchanged (Daly, 1972; Traupman 1971). 
Magnitude. The original experiment on amount of reinforce-
ment was Crespi 's (1942). Crespi used a runway apparatus to 
deliver three different food amounts to each of three groups of 
white rats. One group received 256 small food pellets at the end 
of each runway trial and after 20 days the group was shifted to 
16 pellets. Another group received one food pellet at the end 
of each runway trial for the first 20 days and was then shifted 
to 16 pellets, and a control group received 16 pellets at the 
end of a runway trial throughout the study. Running speed, the de-
pendent variable, was measured in feet per second. The group that 
received 256 pellets reached a speed of approximately 3.5 feet per 
second. The 16-pellet group reached approximately 2.75 feet per 
second, and the one-pellet group approximately .75 feet per second 
before it was shifted to 16 food pellets. The 256-pellet group demon-
strated an immediate decrease in running speed below the asymptote of 
the control group when shifted to 16 pellets and the one-pellet group 
demonstrated an immediate increase in running speed above the control 
group asymptote when shifted to 16 pellets. No group demonstrated 
an acquisition difference; that is, no group reached their maximum 
running speed at a faster rate than the other groups. The weakest 
characteristic of Crespi 's study may be the assumption that the one-
pellet and the 256-pellet groups were at asymptote when shifted to 
16 pellets. However, the demonstration that performance changed 
with a change in food amounts was clear . 
6 
Logan (1960) conducted a similar study with independent groups 
in which 1, 3, 6, or 12 food pellets were delivered at the end of 
each runway trial. Logan conducted the trials every 48 hours in 
order to precisely control food deprivation. Running speeds of 1 .72, 
1 .81, 1 .79, and 1 .86 feet per second, respectively, were found. In 
this study, running speeds were relatively insens i tive to the twelve-
fold difference in the number of food pellets. These results were 
corroborated by Keesey and Kling (1961 ), who delivered 2, 4, or 8 
hemp seeds on a variable i nterval four-second schedule. While re-
sponse rates showed a clear positive relation with number of seeds 
for the first minute, the average rate of responding during the 40-
minute component was insensitive to amount. They concluded that dif-
ferential response rates do not occur when subjects are run until a 
daily stability criterion is met . 
Catan i a (1963) further corroborated Keesey and Kling but showed 
that pigeons were sensitive to duration of grain access when avail-
able in concurrent schedules . In a procedure which separated 
choice responses from response rate , Neuringer (1967) demonstrated 
that choice behavior was directly proportional to amount of rein-
forcement but that subject's response rates were not proportional 
to amount of reinforcement. That is, pigeons' choices were directly 
proportional to different durations of grain presentations, either 
2.00, 2.25, 2.50, 3.00, 6.00, or 10.00 seconds, when paired with 
a two-second standard, while pigeons' rate of pecking after choosing 
did not change with different grain durations. Neuringer concluded 
that the effect produced by amount of reinforcement depends upon 
the contingency between responding and its consequences and that, 
since choice behavior resulted in larger or smaller food amounts, 
it changed with food amounts but that, since response rates did 
not affect the amount of food received, they did not change with 
food amounts. This relation was investigated further in choice 
procedures and formulated as the matching law (Baum, 1974; 
DeVilliers, 1977; Herrnstein, 1970). 
Delay. A delay imposed between a response and the contingent 
consequence has produced results that are perhaps as consistent 
as those from amount of reinforcement (Bolles, 1975; MacKintosh, 
1974; Renner, 1964). Logan (1960) reported that shorter constant 
delays resulted in faster running speeds than longer delays, 
and varied short and long delays within subjects produced slower 
running speeds than a constant short delay. Chung and Herrnstein 
(1967), Killeen (1968), MacEwen (1972) and others found a direct 
positive relation between rate of responding and the reciprocal 
of reinforcement delay referred to as immediacy of reinforcement. 
At least two studies, however, indicate that response rates 
are not always changed by delay to reinforcement. Dews (1960) was 
able to interpose a delay of 100 seconds before reinforcement while 
responding remained unchanged on a CRF schedule of reinforcement. 
Similarly, Ferster (1953) gradually inserted a delay of 60 seconds 
before reinforcement while response rates on variable interval 
schedules remained unaffected. These results indicate that under 
7 
some conditions response measures are not influenced by delays to 
reinforcement. 
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In a related study, signaled and unsignaled delays to reinforce-
ment were compared (Richards, 1981; Richards & Hittsdorf, 1978). 
In two entirely different schedules of reinforcement, variable-
interval and differential-reinforcement-of-low-rates schedules, 
Richards and Richards et al. reported that signaled delays of up to 
10 seconds resulted in higher response rates than the same unsig-
naled delay to reinforcement. In this situation, signaled delay 
maintained relatively constant response rates, unsignaled delays 
resulted in response rates that decreased with increased delays, 
and signaled delays maintained higher response rates than unsignaled 
delays . These results indicate that the stimulus conditions accom-
panying delayed reinforcement must be considered when predicting 
performance changes to increased delays to reinforcement. 
In another type of experiment which may be related to delay 
of reinforcement , Young (1981) compared uncertain reinforcement to 
certain re i nforcement. Uncertain reinforcement consisted of 10 
pellets delivered 50 percent of the time. Certain reinforcement 
consisted of 1 to 10 food pellets delivered 100 percent of the 
time. In a choice procedure in which uncertain reinforcement was 
associated with one color and certain reinforcement with another, 
Young found that five of the six pigeons' preference for the uncer-
key was a linear function of the amount of certain reinforcement. 
In addition, subject's preference was greater for the uncertain 
alternative than would be predicted from the matching law. These 
9 
results suggest that certainty of reinforcement must also be considered 
when arranging reinforcement delays. 
Simultaneous Magnitude and Delay of 
Reinforcement in Choice 
Choice describes an organism's performance of one response when 
confronted with two or more simultaneous alternative response oppor-
tunities which produce specific, discriminable consequences. The 
study of choice behavior has resulted in much recent empirical and 
theoretical acti .vity (e.g., Baum, 1974, 1979, 1981; Fantino, 1977; 
Gentry & Marr, 1980; Hamblin & Miller, 1977; Herrnstein, 1970, 1974; 
Herrnstein & Heyman, 1979; McHose & Moore, 1976; Miller, 1976; Myers 
& Myers, 1977; Navarick & Fantino, 1972, 1974, 1975; Rachlin, 1971; 
Rodewald, 1978; Timberlake, 1977; Weardon, 1980). An early series 
of investigations concerning magnitude and delay of reinforcement was 
reported by Logan (1960, 1965). Logan (1965) obtained indifference 
between varied pairs of l, 3, 5, 7, and 9 food pellets by increasing 
the amount of time rats waited for access to a goal box containing 
the food pellets. By indifference, Logan referred to rats choosing 
equally between two sides of a parallel runway when a small number 
of food pellets with a short delay was delivered in the goal box of 
one side and a large food amount with a long delay was delivered in 
the goal box of the other side. When the delay to the large food 
amount was long enough, rats would choose the two sides equally often. 
Logan used a parallel runway apparatus in which rats first chose a 
runway and then ran to the goal box. Two doors prevented access 
to the food pellets for specified delays. Forced choice trials in-
sured that each food alternative was experienced. Although large 
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intra-subject variability occurred , Logan obtained time values at 
which rats equally chose the two different food amounts, i.e., indif-
ference . For example, when one food pellet was delayed five seconds 
and the number of food pellets in the other runway was 3, 5, 7, or 9 
pellets, rats equally chose the two alternatives when delays to the 
larger number of food pellets were approximately 25, 35, 35, and 45 
seconds, respectively. 
Logan extended this indifference function to other food amounts 
by a quantitative expression derived from the Hull-Spence theory (Hull, 
1952; Spence, 1956, 1960). The Hull-Spence position focuses upon 
the magnitude of incentive motivation and the importance of temporary 
situational stimuli to explain the greater performance levels of 
subjects exposed to varied parameters of a consequence. That is, 
large reinforcement amounts result in conditioning behavior to en-
vironmental stimuli which then accounts for more behavior than con-
ditioned by a smaller reinforcement amount (cf., Bolles, 1975; 
Logan, 1960; Logan & Ferraro, 1978; MacKintosh, 1974). 
General Characteristics of the 
Matching Law 
The response strength view assumes that performance is directly 
related to amount of reinforcement. In this view, delayed reinforce-
ment is less reinforcing than an immediate reinforcement, and smaller 
amounts of reinforcement are less reinforcing than larger amounts. 
The distinguishing feature of response strength theory is the 
assumption that performance is directly proportional to reinforce-
ment. One approach for investigating this relation is derived from 
the matching law (e.g., Allen, 1981; Gentry & Marr, 1980; Hamblin & 
11 
Miller, 1977; Herrnstein & Heyman, 1979; Miller, 1976; Rodewald, 
1978). The matching law quantitatively related reinforcement to 
behavior in that the relative frequency of a behavior equals the 
relative value of reinforcement contingently delivered to the 
organism by that behavior. Relative refers to the contextual rela-
tion of other sources of reinforcement in the organism's environ-
ment . 
Matching behavior was first investigated by Herrnstein (1961) 
and theoretically developed later as the matching law (Herrnstein, 
1970, 1974). Herrnstein based his matching model upon a relative 
frequency expression 
s, 
= 
( l ) 
in which the dependent variable (B1 and B2) was response frequency 
and the independent variable (R1 and R2) was reinforcement fre-
quency (cf., DeVilliers, 1977; DeVilliers & Herrnstein, 1976) . 
Baum's (1974) alternative model expressed the dependent and inde-
pendent variables in ratio form as a power function . He argued that 
matching was more easily interpreted in this form and, therefore, 
more useful . Both investigators conceptualize matching as a funda-
mental property of behavior with the status of an empirical law. 
It is empirical because the relation was derived empirically and 
a law because it was expressed quantitatively and held over several 
conditions and a variety of subjects (cf., Baum, 1979; DeVilliers, 
1977; DeVilliers & Herrnstein, 1976). In this view, the cause of 
a deviation from matching is more likely located in the experimental 
1 2 
conditions than the matching relation itself (cf . , Baum, 1979; 
Myers & Myers, 1977) . The matching law was demonstrated with delay 
to reinforcement (Chung & Herrnstein, 1967), amount of reinforce-
ment (Catania, 1963; Fantino et al., 1972), and frequency of 
reinforcement (Baum, 1974; Herrnstein, 1961). 
Miller (1976) preferred the phrase matching-based choice to that 
of the matching law perhaps because it emphasizes procedural rather 
than theoretical considerations. The phrase matching-based refers 
to the analysis of choice behavior within the framework of the match-
ing law, i.e., that choice behavior will match relative amounts of 
reinforcement. For example, Miller used Baum's expression of the 
matching law to hedonically scale pigeons' preference for wheat, 
buckwheat, and hemp. This result was based upon the assumption that 
the pigeons would match the amount of reinforcement in these ~iffer~ 
ent seeds with the behaviors producing them. Hamblin and Miller 
(1977) used a matching-based choice procedure to test a multiplica-
tive power function for the simultaneously varied reinforcement 
parameters of frequency and delay. The matching methodology empha-
sizes the psychophysical quality of matching and its similarity to 
psychophysical goals (Flaherty & Sepanak, 1978; Miller, 1976; 
Stevens, 1957, 1966). 
Baum's (1974) formulation of the matching law is interesting 
because of the ease with which properties of choice, matching, and 
response bias can be interpreted. He proposed the equation, 
= Ln c + b Ln (2) 
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where Ln £ is the intercept of the least squares regression line on 
the y-axis and .Q_ the slope of the regression line. BL and BR indi-
cate some behavior usually expressed as a frequency or as the time 
engaged in a behavior while RL and RR refer to frequency of rein-
forcement. The subscripts indicate the left or right manipulanda. 
Without the logarithmic transformation, Baum pointed out that equa-
tion (2) is a power function. The convenient features of (2) are that 
deviations from O of Ln c indicate the direction and magnitude of 
response bias and deviations from 1.0 of b indicate the direction 
and magnitude of deviations from matching (Baum, 1974, 1979). 
Undermatching, when~ of equation (2) is less than 1.0, appears 
to characterize the recent data obtained from matching-based choice 
procedures (Baum, 1979; Myers & Myers, 1977). Myers and Myers ex-
amined four different studies and found~ to average .84 indicating 
undermatching and argued that matching does not typify the relation 
between behavior and reinforcement. Baum, in an examination of 16 
studies, reported~ to average .82 for number of responses and .89 
for the time spent responding to different manipulanda. These 
results also indicate a systematic deviation toward undermatching. 
Undermatching in choice is usually described as behavior which 
is more sensitive to smaller amounts of reinforcement than predicted 
by matching (Baum, 1974). Perhaps, a more accurate interpretation 
of undermatching is that the slope of a regression line is a measure 
of the sensitivity of the behavior to obtained reinforcement. De-
viations of the regression slope from 1.0 indicate decreases in the 
sensitivity of relative behavior to relative reinforcement (Baum, 
14 
1974; Lobb & Davison, 1975). Lobb and Davison have suggested that 
undermatching in choice behavior is the rule rather than the excep-
tion (Lobb & Davison, 1975; Myers & Myers, 1977; Schneider, 1973; 
Trevett, Davison & Williams, 1972). Myers and Myers found that a 
function other than a linear one more accurately described under-
matching. Baum, however, argues that deviations from matching are 
due to procedural characteristics rather than to the matching rela-
tion itself. 
One criticism of investigations of the matching law is the 
failure to address behavior that may occur at extreme values of 
reinforcement, i .e·., at very large values of reinforcement magni-
tudes and delays (Coombs & Avrunin, 1977). Perhaps a reason for 
the failure to examine more extreme values of reinforcement is that 
the practical consideration of maintaining stable behavior during 
an investigation limits investigators to a relatively small range 
of values of reinforcement frequency. 
Another criticism concerns the assumption that reinforcement 
frequency is equivalent to reinforcement magnitude (e.g., Baum, 
1974; DeVilliers, 1977; Herrnstein, 1970, 1974; Michael, 1979; 
Nevin & Reynolds, 1973). According to this view, three pellets 
individually delivered every 20 seconds across one minute are 
functionally equivalent to three pellets delivered at the same time 
at the end of 60 seconds. Others don't agree and assert that fre-
quency of reinforcement generates behavior that is different than 
that generated by reinforcement amounts (Bolles, 1975; Navarick & 
Fantino, 1976; Schneider, 1973). 
1 5 
Response Strength Theory 
The purpose of this section is to explore the response strength 
concept and its relation to prev i ous investigations of choice. The 
reason for doing this is to establish the connection between the 
matching law and probabilistic choice theory known as classical 
strength theory (Restle, 1971). The notion of response strength 
contains two elements: (a) the first is that appropriate measures 
of responding indicate its strength, and (b) that the strength of a 
response directly relates to the contingent reinforcement produced 
by that response. The matching law is an expression of this notion 
which applies to the study of choice behavior . Response strength 
theory and the matching-based choice procedures are part of the 
larger context of probabilistic choice theory . 
Probabilistic choice theory concerns those choice situations 
in which an organism sometimes chooses one alternative and some-
times chooses another alternative . In these conditions , it is 
appropriate to refer to the frequency of choosing an alternative 
as a probability . The data concerning the choice of a particular 
response vary around a mean and have a distribution (cf., Restle, 
1971) . Wi thin the conte xt of probabilistic choice theory , it is 
assumed that of two or more alternatives the strongest will be most 
frequently chosen, i.e ., has the highest probability of being chosen. 
For example, consider two alternatives a and b where alternative a 
is greater than E_ on some dimension. Then a is chosen more fre-
quently than E.· If a third alternative,~· were added in which 
a>b>c and a were made available simultaneously with~· c would also 
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be chosen occasionally but less frequently than alternative E.. orb. 
The strength of the various alternatives indicated by the choices 
represents a single dimension in which the difference a-c is greater 
than the difference a-b or b-c (cf . , Restle, 1971) . 
Response strength theory extends the traditional theory of 
choice behavior by adding the idea that responding matches the 
reinforcement delivered by that response and is influenced by the 
relative reinforcement received by other unprogrammed responses 
such as grooming and exploring (e.g., DeVilliers, 1977; DeVilliers 
& Herrnstein, 1976; Herrnstein, 1970, 1974}. With this rationale, 
response measures of a single behavior not obviously in the context 
of a choice situation are still a measure of response strength, al-
though not as easy to study as choice behavior. The response 
strength concept leads to the notion of a reinforcement continuum 
(Premack, 1971; Smith, 1974), that is, the reinforcing events ex-
perienced by an organism are assigned a point on a line that can be 
measured by the probability of responding for that reinforcer (Smith, 1974, 
p. 129). This is, perhaps, the most salient feature of response 
strength theory. 
Briefly recapitulating, probabilistic choice theory was defined 
as including choice behavior in which one of two or more alterna-
tives is not chosen always over its alternatives. Choice for partic-
ular alternatives has a mean, and, therefore, a distribution around 
this mean. In traditional probabilistic strength theory, the mean 
of several choices for an alternative indicates the strength of that 
alternative. Proponents of response strength theory extended 
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traditional theory by adding that the strength of a response was 
directly proportional to the reinforcing value of its consequence. 
In this view, performance is governed by the relative sources of 
reinforcement. An important aspect of response strength theory is 
the assertion of a single reinforcement dimension. 
Unidimensional Choice and Transitivity 
The concept of choice outcomes as points on a single judgmental 
scale was labeled by Navarick and Fantino (1972, 1974, 1975) as the 
unidimensional assumption . This assumption is intrinsic to many 
empirical investigations and theoretical formulations of choice 
behavior and is central to response strength theory (e.g., Baum, 
1974; Bouzas, 1978; DeVilliers, 1977; Herrnstein , 1970, 1974; 
Fantino, 1977; Navarick & Fantino, 1974; Killeen, 1972; 
Neuringer, 1967; Rachlin, 1971; Squires & Fantino, 1971) . For 
example, the general relative frequency expression of the matching 
law conforms to the probabilistic choice model which Luce and 
Suppes (1965) identified as a strict binary utility model. The 
strict binary utility model implies a ratio scale and strong transi-
tivity, the strongest form of the unidimensional assumption (Luce & 
Suppes, 1965, p. 335 and 344). Navarick and Fantino argue that, 
since the unidimensional assumption is implied in virtually all 
conceptualizations of choice behavior, the assumption should be 
empirically tested rather than assumed. The purpose of this section 
is to identify some tests of the unidimensional assumption and dis-
cuss investigations using such tests. 
Transitive relations are in the form of a>b>c. If a subject 
chooses a more often than band if it chooses b more often than 
£, then its choice behavior is transitive when a is chosen more 
often than c. The subject's choice behavior is intransitive when 
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£ is more frequently chosen than.!· An intransitive choice relation 
suggests that£ and.! do not represent points on a straight line 
(cf., Luce, 1959; Luce & Suppes, 1965; Navarick & Fantino, 1972, 
1974, 1975; Restle, 1971). Transitive relations in choice are often 
used to test the unidimensional assumption (Krantz, 1964; Navarick 
& Fantino, 1972, 1974, 1975; Tversky & Russo, 1969; Tversky, 1969). 
Given three alternatives in the relation a>b>c, three levels of 
transitivity are defined as follows when p(a,b) and p(b,c) are 
equal or greater than indifference: 
Weak transitivity occurs when 
p(a,c) ;? .5 (3) 
Moderate transitivity occurs when 
p(a,c) > minimum p(a,b),p(b,c) (4) 
Strong transitivity occurs when 
p(a,c) ? maximum p(a,b),p(b,c) (5) 
The notation p(a,c) refers to the greater probability of a when 
paired with c. Similarly, p(a,b) and p(b,c) is the greater proba-
bility of choosing.! when paired with band!?._ when paired with~-
The value .5 refers to indifference or when the paired alternatives 
are chosen equally often. The use of minimum in~ refers to the 
requirement that the probability of choosing.! when paired with 
£, p(a,c), must be greater or equal to the smallest probability 
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of either p(a,b) or p(b,c) . Similarly, maximum in (5) requires 
that p(a,c) be greater than or equal to the larger probability of 
either p(a,b) or p(b,c) . 
Luce and Suppes (1965) outlined the relation of these transi-
tivity properties to the unidimensional assumption. Weak transi-
tivity is the minimum condition which must be met if unidimension-
ality holds. Weak transitivity implies a single dimension with 
ordinal scale characteristics. It supports the assumption that 
the direction of preference can be predicted from values on a single 
dimension, i.e., whether choice will be above or below indifference. 
Strong transitivity supports predictions of specific choice proba-
bilities (Luce & Suppes, 1965; Navarick & Fantino, 1972, 1974, 
1975; Restle, 1971; Tversky & Russo, 1969). However, strong transi-
tivity is only a necessary and not a sufficient condition for a 
single dimension with ratio scale characteristics (Luce & Suppes, 
1965). That is, if strong transitivity is not present, then the 
choice data do not represent a single dimension possessing ratio 
measurement characteristics; but if strong transitivity is present 
then a single dimension with ratio characteristics may or may not 
exist. Moderate transitivity is a set of conditions present in a 
single dimension with interval scale characteristics but which does 
not imply the presence of an interval scale by itself (Luce & 
Suppes, 1965). 
Strong transitivity in choice. Navarick and Fantino (1972) 
reported the first examination of transitive relations in the 
literature. These investigators examined the functional equivalence 
20 
between variable interval and fixed interval schedules and between 
variable ratio and fixed ratio schedules. They attempted to deter-
mine a value of a variable schedule equally preferred to a given 
fixed schedule . In this situation, two schedules between which a 
subject was indifferent must both be equally preferred to a third 
schedule . Tversky and Russo (1969) called this the substitutability 
condition and formally stated it as follows: 
p(a,b) = .5 implies p(a,c) = p(b,c) ( 6) 
when . 5 indicates indifference. Tversky and Russo showed substituta-
bility to be mathematically equivalent to strong transitivity. 
Several earlier investigations addressed the problem of the 
identification of the fixed interval or fixed ratio schedule equi -
valents to a variable interval or ratio schedule, with mixed success 
(Davison, 1969; Duncan & Fantino, 1970; Fantino, 1967; Herrnstein, 
1964; Killeen, 1968; MacEwen, 1972). Navarick and Fantino saw an 
examination of the transitivity properties of choice behavior as a 
method to promote understanding of the equivalency problem . To this 
end, they used the substitutability condition, equation (6), developed 
by Russo and Tversky. 
The basic procedure used in the investigation was a concurrent 
chains schedule. Two equal variable interval schedules were pre-
sented on two pigeon keys . When the subjects completed the re-
sponse requirement on either the right or left key, a variable or 
fixed schedule of reinforcement became available in the second part 
of the chain on that key only. Responses on the other lever were 
inoperative and produced no consequence. The reinforcement schedule 
of the second link of the chain terminated in food when the 
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appropriate response requirement was met. The purpose of the 
investigation was to examine the transitivity properties of the 
choice behavior obtained from variable and fixed schedules of re -
inforcement for both interval and ratio-based schedules . If the 
functional equivalence condition set forth in equation (6) was pre-
sent in the choice behavior, the variable-interval equivalent to 
the comparable fixed schedule would be obtained. 
In their procedure, a fixed interval or ratio schedule was 
simultaneously compared to a specific variable interval or ratio 
schedule. The fixed schedule was then adjusted by increasing or de-
creasing the schedule value until the subject chose equally between 
the variable and fixed schedule (i.e., indifference). They then 
compared both schedules to a third, common schedule . The substituta-
bility condition, equation (6), was met if both the variable and 
adjusted fixed schedule were equally preferred to the third schedule . 
The investigators chose the common schedule of reinforcement to be 
obviously smaller than the original schedules and was a fixed ratio 
or interval schedule. 
Two procedures were used to examine the transitive properties 
of choice for variable and fixed schedules of reinforcement . In 
step 1 of the f i rst procedure, the investigators paired a variable 
schedule of reinforcement, labeled A, with a fixed schedule, labeled 
B. The reinforcement schedules were either interval or ratio 
schedules, depending upon the condition of the experiment. The 
fixed schedule, B, was adjusted until it was equally preferred to 
the variable schedule, A. The second step was to pair the variable 
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schedule, A, with a third fixed schedule, labeled C. The third 
step was to compare the adjusted schedule, B, obtained in step l, 
with the third fixed schedule, C. The mean choice proportion from 
the last nine sessions determined the choice proportions for the 
schedules compared. Strong transitivity resulted when the mean 
choice proportion of step 2 equaled the mean choice proportion of 
3; that is, when the preference between reinforcement schedules A 
and C equaled the preference between C and B. 
In the second procedure to examine strong transitivity, the 
first step was to pair A, the variable schedule, with C, a fixed 
schedule and a mean choice proportion determined. The second step 
was to adjust B, the unknown fixed schedule, when paired with C 
until the mean choice proportion equaled the choice proportion 
obtained in step l. Step 3 consisted of pairing the variable sched-
ul~ A, with the adjusted fixed schedule, S. Step 4 consisted of 
the same schedules but on reversed keys. Transitivity resulted 
when the subjects chose equally between reinforcement schedules A 
and B in steps 3 and 4. 
Navarick and Fantino addressed intrasubject variability by using 
a replication method to estimate the error associated with the trans-
itivity tests rather than address the variability associated with 
the mean choice proportions. The first step was to determine a 
replication error by repeating the transitivity tests. The replica-
tion error was estimated by subtracting the results of the second 
test from the first. Deviations from the error estimate which were 
greater than .05 were not accepted as indicating strong transitivity, 
while deviations from the error estimate of .05 or less were 
accepted as indicating strong transitivity. By this procedure, 
they recognized two qualifications of deviations from transitivity. 
The first was that large shifts in key bias sometimes occurred over 
successive tests, The second was that differences in choice pro-
portions of less than .05 reflected the influence of incidental 
factors on the variability of choice behavior and should be 
ignored. 
The results were that wh.en a variable interval 23 second 
schedule (VI 23) was compared to fixed interval schedules (FI), the 
values at which subjects exhibited indifference were FI 6, FI 10, 
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FI 11, and FI 27 seconds for four subjects. Given a VI 54 second 
schedule, FI 4 and FI 10 were th.e schedules at which indifference 
occurred for two subjects. With ratio schedules, different subjects 
exhibited indifference at a fixed ratio of 16 (FR 16) when the 
variable ratio was 15 (VR 15}. Indifference occurred at FR 14, 
FR 32, and FR 50 when VR 45 was the variable scb.edule for three 
subjects. For another, indifference occurred at a VR 90. 
Of the 14 transitivity tests with ratio schedules, only four 
were clearly positive; i.e., the tests met the conditions specified 
in equation (6), three were questionable due to subject variability, 
and seven tests failed to meet the conditions. Only two of six sub-
jects exhibited results which met the conditions of equation (6) . 
No subjects exclusively demonstrated strong transitivity . With 
interval schedules, three tests were positive, four were question-
able, and four were negative. One of six subjects• choice behavior 
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met the conditions of equation (6); one subject obtained both a 
positive and a negative test, another was inconclusive, and the 
remaining subjects were negative. Navarick and Fantino concluded 
that preferences for variable and fixed schedules are often not 
strongly transitive. The failure to obtain strong transitivity in 
some subjects argues against universally equivalent variable and 
fixed schedules. 
Navarick and Fantino (1975) using the same test used in the 
earlier study (Navarick & Fantino, 1972) investigated the transitivity 
properties between fixed ratio (FR) and fixed interval (FI) sched-
ules. In this study, pigeons first chose between two different 
FR schedules. After preference was determined, they substituted an 
FI schedule for one of the FR schedules and adjusted it until the 
subject's preference between the FR and FI schedules equaled the 
preference shown for the original two FR schedules. The test con-
sisted of pairing the FI schedule and the substituted FR schedule. 
If indifference resulted, the conditions of equation (6) were met 
and strong transitivity was satisfied. Of seven pigeons, four 
failed to show strong transitivity. 
In another experiment, Navarick and Fantino (1975) tested 
Premack's hypothesis that the time subjects engage in a reinforcing 
activity is the basis for preference. In this study, preference 
was established between each of two different combinations of fixed 
interval reinforcement schedule and durations of grain to a third 
common schedule. The FI component was adjusted until the prefer-
ences to the common schedule were equivalent. Strong transitivity 
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occurred when a subject was indifferent between the two schedules. 
For example, preference was first established for a FI 30 second 
schedule with a 6 second duration of grain access and a FI 5 second 
schedule with 2 seconds of grain access. Then a schedule with 2 
seconds of grain was paired with FI 5 second schedule with 2 seconds 
grain and the FI component of this combination was adjusted until it 
equaled the first. The transitivity test was carried out by compar-
ing the FI 30 with 6 seconds grain with the adjusted FI with 2 sec-
onds grain. If the subjects were exclusively sensitive to grain 
duration, they would equally prefer the schedules. Two of five 
pigeons failed to demonstrate strong transitivity in their prefer-
ences. 
The results of the above investigations indicate that seven 
subjects demonstrated strong transitivity in their preference rela-
tions while 13 did not, two subjects showed both positive and 
negative tests, and two were inconclusive . Each study investigated 
a different independent variable. The first compared variable and 
fixed schedules. Finding a variable schedule equivalent to a fixed 
schedule requires that subjects somehow average the different inter-
reinforcement intervals in the variable schedule to the fixed 
schedule. Apparently some subjects did this. Of the 37 transi-
tivity tests completed, seven clearly demonstrated strong transi-
tivity. 
In the second experiment which compared fixed interval and 
fixed ratio schedules (Navarick & Fantino, 1975), two variables 
could have varied: response rate and time to reinforcement. 
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Navarick and Fantino showed that response rate was irrelevant by 
exchanging the FR schedule on one .side of concurrent FR schedules 
with a FI schedule in which response rate was substantially reduced 
but choice remained the same. 
only three of five subjects . 
This result, however, occurred for 
The remaining two subjects demonstrated 
a change in preference when the FI schedule was introduced. For the 
three subjects whose preference did not change, delay to reinforce-
ment was the independent variable to which these subjects were 
sensitive. 
In the third experiment, both time to reinforcement and duration 
of grain access varied. Three of the five subjects used in this 
investigation were exclusively sensitive to the different grain 
durations. Specifically, these subjects' preferences between two 
concurrent schedules were predicted by the proportion of reinforce-
ment-time, i.e., grain durations, per minute. When reinforcement-
times were equal for the two concurrent schedules, subjects were 
indifferent between the two schedules. Two of the subjects were 
apparently sensitive to dimensions other than grain durations. 
Navarick and Fantino concluded from these results that there is no 
one correct way to conceptualize choice since none of the variables 
investigated produced all strongly transitive relations. 
Navarick and Fantino tested the strong assumption that exact 
choice probabilities are predictable from a single dimension, either 
delay to reinforcement, time an organism engages in a reinforcement 
activity, or average interreinforcement intervals. They found that 
when an organism was sensitive to only one dimension, preference 
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was found to be strongly transitive. Navarick and Fantino tested 
strong transitivity by using a mathematically equivalent condition 
called substitutability by Tversky and Russo (1969). They found: 
(a) no one dimension accurately characterizes choice behavior and 
(b) some subjects were apparently sensitive to more than one 
dimension and that their exact choice probabilities could not be 
estimated from a single dimension, while ordinal directions of 
choice behavior could be predicted. Exact choice probabilities may 
be predictable only from a multidimensional model of choice. Anotrer 
possibility, of course, is that the correct dimension of choice 
behavior has yet to be discovered. 
Unidimensional Choice of Delay and 
Magnitude of Reinforcement 
According to response strength theory, measures of performance 
are direct indications of response strength. In a recent statement 
(e.g., DeVilliers & Herrnstein, 1976; Herrnstein, 1970, 1974), 
Herrnstein argues that all responses, no matter how isolated, are 
performed in the context of other alternative responses which pro-
duce reinforcement (e.g., grooming, exploring, sniffing). The re-
sponse strength concept is analogous to traditional strength theory 
in that no response dominates the other responses. That is, all 
behavior is probable and, although a response is highly probable, 
an organism occasionally performs the alternative low probability 
responses. This notion is extended in response strength theory by 
adding the idea that the strength of a response matches the amount 
of reinforcement of a response's consequence. The dominating 
assumption of response strength theory is that of unidimensionality 
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(cf. , Baum, 1974; DeVilliers & Herrnstein, 1976; Hamblin & Miller, 
1977; Herrnstein , 1970, 1974; Killeen, 1972; and others). Some 
investigators further assume the strong form of the unidimensional 
assumption: the assumption that the probability of a response is 
predictable from the value of reinforcement contingently produced 
by that response (Baum, 1974, 1979; DeVilliers, 1977; Herrnstein, 
1961, 1970, 1974; Killeen, 1972). Indeed, such a relation has been 
empirically demonstrated as the matching law in several situations 
(Bouzas, 1978; Herrnstein & Heyman, 1979; and others). However, 
such demonstrations are usually specific to a single dimension 
(cf., Devi lliers, 1977; DeVilliers & Herrnstein, 1976). 
Several investigators (Hamblin & Miller, 1977; Killeen, 1972; 
Premack, 1971; Rachlin & Green, 1972) suggest that reinforcement 
that simultaneously varies on two or more dimensions may result in 
behavior which can be scaled unidimensionally. They propose that 
subjects somehow combine several dimensions of reinforcement so that 
reinforcement is represented on a single reinforcement dimension. 
Myers and Myers suggest the term "concatenation" to describe this 
behavior. Hamblin and Miller successfully predicted the response 
probabilities of rats by multiplicatively combining two parameters 
of reinforcement and showed that such a model is sometimes success-
ful. The difficulty experienced by Navarick and Fanti no in demon-
strating strong transitivity in pigeons when more than one dimension 
could vary suggests that this behavior does not always occur (cf., 
Experiments 2 & 3, Navarick & Fantino, 1975). Navarick and Fantino's 
data indicated that only those subjects sensitive to a single 
variable of reinforcement demonstrated strong transit i vity (cf., 
Navarick & Fantino, 1975). 
Summary 
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The unidimensional assumption is important to formulations of 
choice behavior and, as a result, Navarick and Fantino (1972, 1974) 
suggest that the unidimensional assumption be tested by examining 
the transitivity properties of the choice outcomes rather than im-
plicitly accepting the unidimensional assumption. Navarick and 
Fantino (1972, 1975) examined the properties of strong transitivity 
of choice behavior obtained from several different choice situations. 
They reported that a subject's choice behavior often failed to show 
strong transitivity. Navarick and Fantino found that direction of 
choice was usually predictable from a single reinforcement dimen-
sion, but specific choice probabilities which conformed to a ratio 
scale were not. 
Several conclusions are possible from the literature reviewed . 
(1) The attempts to find variable schedule equivalents to fixed 
schedules demonstrate that such functionally equivalent schedules 
do not exist. The failure to find strong transitivity argues 
against any single appropriate rule for predicting aperiodic equiva-
lents to periodic schedules. (2) The search to find a single, all 
important variable of choice is so far unsuccessful. Navarick and 
Fantino (1975) compared time to reinforcement irrespective of re-
sponse requirements and time to reinforcement with specific response 
requirements. They reported that only half the subjects' choice 
behavior was strongly transitive indicating that not all subjects 
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were indifferent between fixed interval and fixed ratio schedules 
of reinforcement. Therefore, time to reinforcement was not the 
exclusive dimension of choice. They also compared rate of reinforce-
ment to the amount of time subjects engage in a reinforcing activity 
and reported that only half the subjects' choice behavior was 
strongly transitive indicating that rate of reinforcement was not 
reducible to the single variable of the number of seconds an organism 
engaged in a reinforcing activity. (3) The bold claim that several 
variables of reinforcement are combined to form a single reinforce-
ment dimension with ratio scale properties (Hamblin & Miller, 1977; 
Killeen, 1972; Myers & Myers, 1977; Premack, 1971; Rachlin, 1971; 
Rachl in & Green, 1972; Smith, 1974) is weakened by the failure of 
some subjects' choice behavior to show strong transitivity (Navarick 
& Fanti no, 1975, 1976) . If organisms combined variables of rein-
forcement into a single reinforcement value , strong transitivity 
would have resulted . 
PURPOSE 
The review of literature indicated the importance of the 
unidimensional assumption to response strength theory. The pur-
pose of this study was to examine the properties of transitivity 
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in choice behavior obtained to different amounts of food. As in-
dicated, three levels of transitivity corresponding to equations 
(3), (4), and (5) are possible . Weak transitivity is the minimum 
condition consistent with the unidimensional assumption. Weak 
trans i tivity implies a single dimension with ordinal scale 
characteristics. Moderate transitivity is consistent with , but does 
not imply, a single dimension with interval scale characteristics 
while the reverse is true. That is, an interval scale does imply 
moderate trans i tivity . A similar relation is true of strong transi-
tivity. Strong transitivity is consistent with, but does not imply, 
a single dimension with ratio scale characteristics whi le a ratio 
scale implies strong transitivity (Luce & Suppes , 1965; Navarick & 
Fantino, 1972, 1974; Tversky & Russo, 1969). 
In addition to an examination of transitiv i ty properties, 
choice behavior also was examined for its fit to Baum's (1974) 
expression of the matching law. The basic expression of the matching 
law is the relative frequency expression indicated by equation (1) 
which sets the performance of different response alternatives equal 
to earned reinforcement (Allen, 1981; Baum, 1974, 1979; DeVilliers, 
1977; Herrnstein, 1970; Weardon, 1980). This expression of the 
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matching law conforms to the strict binary utility model (Navarick 
I 
& Fantino, 1974) which assumes a ratio scale and strong transitivity 
(Luce & Suppes, 1965). 
Baum proposed the alternative formulation indicated in equa-
tion (2) using ratios to express choice behavior and reinforcement. 
Baum1 s formulation is a unidimensional choice model with interval 
scale characteristics (Coombs, Dawes & Tversky, 1970). The use of 
Baum1 s expression of the matching law is supported by reports (e.g., 
Baum, 1979; Davison & McCarthy, 1981; Lobb & Davison, 1975; Tustin 
& Davison, 1978) that ratios of choice behavior and reinforcement 
are more appropriate for the examination of the matching law since 
the relative frequency expression produces artificially high linear 
fits because of the O and 1 .0 1 imits it imposes on the data. 
The present investigation used a concurrent chains schedule 
to examine choice behavior . In this situation, rats pressed either 
of two levers with concurrent variable-interval reinforcement 
schedules. When the response requirement of either of the concur-
rent variable interval schedules was met, a fixed time schedule 
associated with the same lever began. Each of the fixed time 
schedules terminated with a different number of food pellets in-
dependent of behavior by the subjects. The rats indicated their 
preference for either of the fixed time schedules by the ratio of 
lever presses made on the two levers during the concurrent variable-
interval schedules. The rats' payoff was the number of food pellets 
delivered at the end of either fixed time schedule. 
This basic situation was used to examine the transitivity 
properties in the choice behavior of rats and to examine choice 
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behavior for its fit to the matching law in two different situa-
tions. The purpose was to demonstrate that transitivity properties 
could reveal useful information concerning the function relating 
choice behavior and the reinforcer variables. Further, the matching 
law was used to examine one function of behavior and reinforcement: 
the matching relation. The transitivity properties exhibited by a 
subject would reveal the level at which the subject's choice be-
havior met the unidimensionality assumption. In the first condition, 
Experiment 1, both the number of food pellets and delay to reinforce -
ment were manipulated. In the second condition, Experiment 2, the 
number of food pellets was varied while delay to reinforcement was 
constant. In the first condition, transitivity may not occur since 
the manipulation involved two variables and, therefore, possibly two 
dimensions. If delay to reinforcement causes some of the variability 
of subjects under the conditions of Experiment 1, then the number of 
food pellets will not fully account for choice behavior and a linear 
relation between choice behavior and amount of reinforcement will 
not result. Experiment 2 was favorable to obtaining transitivity 
since only one variable of reinforcement was varied. 
Experiment 2 is also one of the few attempts to match rats' 
choice behavior to obtained reinforcement according to the match-
ing law. Although rats have been demonstrated to conform to the 
matching law with number of food pellets when running speed 
was measured (Logan, 1960, 1965) and frequency of reinforcement 
when rate of responding was measured (Rider, 1981), demonstrations 
of rats conforming to the matching law when number of food pellets 
was manipulated and number of responses measured have not been 
accomplished. 
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GENERAL METHOD 
This investigation consisted of two experiments. The depen-
dent variable in both experiments was the choice ratios obtained 
by hooded rats in a concurrent chains schedule . In the first 
experiment, amount of a food and delay to reinforcement were the 
independent variables . In Experiment 2, amount of food was the 
independent variable, with delay to reinforcement held constant. 
Apparatus 
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Two Lehigh Valley small universal cubicles with test environ-
ments were used . Both cubicles were ventilated by small fans and 
were 26.3 by 30.0 by 23.8 cm. The intelligence panel consisted of 
two levers each 1 .9 cm from either side wall of the test chamber 
and 4.8 cm above the floor grid. A food cup was located equidis-
tant between the two levers. The cup in one chamber was recessed 
into the intelligence panel and in the other protruded 4 cm from 
the wall . The levers extended 2. 5 cm into the test chambers and 
required approximately .24 N to operate . Pressure required to 
operate the levers was measured by a spring gauge and adjusted 
until the pressure required to operate each was equivalent. Feed-
back relays were attached to the back of the panel and above either 
lever. Three cue lights on the intelligence panel were located 
10.3 cm above the floor . An orange light was above the left lever, 
a green light above the right lever, and a white light above the 
food cup. A click tone with a frequency of 40 clicks per second 
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could be presented from a speaker located in the upper right corner 
' 
of the cubicles when subjects pressed either the right or left 
lever. A second tone with a frequency of 2,900 Hz could be pre-
sented in the two chambers by matched Sonalerts when either the 
right or left levers were pressed . An 8.4 watt house light was 
centered at the top of the rear wall of the external enclosure. 
Davis feeders delivered .045 gm food pellets. External white noise 
sounded in the room housing the universal chambers. Appropriate 
electromechanical equipment controlled the test environments and 
collected data. The apparatus remained the same in both experiments. 
Subjects 
Six naive male hooded rats obtained from the Simonson 
Laboratories served. Subjects were maintained between 75 and 80 
percent of their free-feeding weights during the investigation. The 
rats were periodically allowed ad libitum food and running weights 
redetermined. The animals, Dl, 04, 07, 08, 02, and 03 were approxi-
mately 120 days old when the experiment began. Three subjects died 
before data collection was complete. 08 died during the first food 
comparison and no data is reported. 07 died after the fourth food 
comparison, and Dl died just before the final predicted data point. 
Subject attrition is indicated in Table 3 of the Appendix. 
General Procedure 
The concurrent chains schedule is suitable to the manipulation 
of both reinforcement magnitude and delay (Fantino, 1977). In this 
investigation, subjects pressed one of two levers to eventually 
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earn an assigned number of food pellets which were different on each 
lever. Subjects first performed in concurrent variable-interval 
schedules of reinforcement . When an interval of one of the variable-
interval schedules timed out, a lever press on that lever initiated 
a fixed time schedule. In a variable-interval schedule of rein-
forcement, a number of intervals of varying length are chosen and 
randomly arranged. A response following an interval that has 
elapsed produces a reinforcer such as food pellets or grain. In a 
fixed time schedule of reinforcement, the termination of a pre-
determined time produces a reinforcer independent of the subject's 
behavior. In the concurrent chains schedule used in the present 
investigation, the completion of the response requirement of one of 
the concurrent variable-interval schedules initiated the fixed time 
schedule rather than immediately delivering food. The fixed time 
schedules then delivered food at the end of either period depending 
on which lever the subject completed the variable interval schedule . 
Figure 1 schematically portrays this procedure. As indicated in 
Panels_! and~. both the right and left levers consisted of variable-
interval 90-second (VI 90} schedules. When an interval timed out on 
either the right or left lever, the next response initiated a fixed 
time (FT) schedule which was terminated by l, 3, 5, 7, or 9 food 
pellets. Throughout this report, the first component in this se-
quence containing the concurrent VI 90 schedules is referred to as 
the initial link and the second component, containing the FT 
schedule, as the terminal link. 
Each concurrent VI 90 schedule operated independently of the 
other. A response on either lever operated the feedback relay above 
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Figure l. Diagram of the concurrent chains procedure. 
Panel a indicates that, when the variable 
interval schedule requirement on the left 
lever is met, a fixed time schedule becomes 
operative on that lever and responses on the 
other lever have no effect. Panel b indicates 
the same sequence of events for the-right 
lever. The reinforcement magnitude scheduled 
was delivered at the end of the fixed time 
schedule in the operational terminal link . 
Delivery of food initiates a 2-minute time 
out. The double bars at the end of the 
time out periods indicate that the con-
current VI schedules are reinstated. 
VI · 90" FT· 5" 
sR + 2 minute 
time out 
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Left Lever.,.. _________ ,.. _____ .., ______ .,., 
VI · 90" 
2 minute 
time out Inoperative ._ ________________________ ..., ________ --11 
Right Lever 
a. 
2 minute 
VI - 90" Inoperative time out 
Left Lever .--------------------------------- .... ~------------~I 
sR + 2 minute 
VI · 90" FT· 5" time out 
-----------------------------------.11 Right Lever 
b. 
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that lever . A constant probability algorithm generated the VI inter -
vals (Catania & Reynolds, 1968). Each schedule consisted of 15 
intervals of which the smallest was 6.0 and the largest 298. 6 
seconds . Two different random orders sequenced the intervals . A 
single response following completion of an interval of either con-
current VI schedule initiated the terminal link FT schedule on that 
lever, stopped the VI timers, and stopped the feedback relay on the 
opposite lever. Delivery of the food pellets at the end of the FT 
schedule initiated a 2-minute time out. The time out darkened the 
chamber and allowed consumption of the food pellets. At the end 
of 2 minutes , the VI timers started and the houselight lit, begi nning 
the next trial . Each session lasted the amount of time required to 
complete 20 trials. A trial consisted of the average durat i on of 
the concurrent VI schedules, the FT schedules, and the 2-minute time 
out . 
A click tone was presented during the FT schedule on the right 
lever for subjects 04, 02, and 03 and the left lever for 01 and 07. 
The opposing tone, presented during the FT schedule on the other 
lever, was a pure tone produced by a Sonalert . The tone stimuli 
remained the same throughout the investigation. The sequence of 
stimuli was (a) alighted houselight and a lighted green cue light 
above the right lever or if the other terminal link was operated, 
an orange light above the left, and the appropriate tone during the 
terminal link associated with either the right or left lever; (c) 
a 10-second cue light above the food hopper when the FT terminated 
and food was delivered; and (d) a darkened chamber for 2 minutes 
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initiated by the delivery of food . Electrical pulses spaced at .7 
second intervals delivered either l, 3, 5, 7, or 9 food pellets . 
The first response on a lever following a period of responding on 
the opposing lever in i tiated a changeover delay of 10 seconds during 
the concurrent VI schedules (Catania, 1962; Shull & Pliskoff, 1967). 
If the subjects switched to a lever in which the interval was timed 
out or which timed out before 10 seconds elapsed after the response, 
the first response after 10 seconds initiated the terminal link. 
The steps of the procedure were to first determine a choice 
ratio for two different numbers of food pellets when the two FT 
schedules were equal and, second, to manually titrate one of the 
FT schedules to obtain indifference. Thirdly, the time producing 
indifference became the value of both FTs for the next food compari-
son in Experiment l. Each new food comparison was begun by a 
forced choice procedure in order to facilitate the shift of sub-
ject's preference by preventing access to the FT schedule deliver-
ing the large food amount. After at least one full session of this 
procedure, regular sessions began. 
Food comparisons and times to reinforcement. The food rein-
forcement magnitudes were 9, 7, 5, 3, and l Noyes .045 gm food 
pellets. Two considerations determined those values. First, a 
maximum food value was used not so large as to disrupt trial-to-trial 
behavior. Second, a sequence of amounts was used in which each 
amount was equally distant to the next closest food amounts. Table 
l summarizes the combinations of amounts compared. The numbers 
heading the rows and columns indicate the number of food pellets on 
Number of 
Food Pellets 
(Right) 
Table 
A Matrix of the Combinations 
of Number of Food Pellets Compared 
on the Left and Right Levers 
Number of Food Pellets (Left) 
1 3 5 7 9 
x x x x x 
3 x 0 x x 
5 x 0 0 x 
7 x x 0 0 
9 x x x 0 
Note: An x indicates combinations used, Q combinations not used, and a -
comparisons not made. 
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the left or right lever. An x in the intersection of a row and 
column indicates a food comparison presented to the subjects in the 
investigation. Except for the combination of 1 to 1 food pellets 
used to train and assess indifference, equivalent food combinations 
were not used. Table 2 contains the order of amount combinations 
presented to each subject. The larger food amounts were alternated 
between the two levers as a check against response bias. The numbers 
on the right side of Table 2 below the columns labeled Dl, 04, and 
07 represent the values of the Fixed Time schedules in seconds at 
which subjects equally chose the left and right levers. These values 
were determined in the manual titration procedure described below. 
Titration procedure. A manual titration procedure determined 
the fixed time values at which indifference occurred to the two 
different food amounts . Indifference was defined as a choice ratio 
of 1 .0 for response count in the initial link (i . e., concurrent VI 
90-second schedules). The titration procedure followed the deter-
mination of the subject's preference for the food comparisons in-
dicated in Table 2. The manual titration cycle began by either 
increasing the FT associated with the larger number of food pellets 
or decreasing the FT associated with the smaller number of food 
pellets until the subject's preference shifted from one lever to 
the other. The cycle was then completed by reversing the direction 
of the FT adjustment until the original preference for either the 
larger, or smaller, food amount was reasserted. Indifference was 
calculated by determining the midpoint between the two time values 
at which preference reversed. The manual titration cycle was re-
peated three times, and the midpoints averaged and accepted as the 
Set 
a 
Set 
b 
Table 2 
Surrvnary of Magnitude Comparisons, Order of 
Comparisons, and Time Value 
in Terminal Link 
Comparisons Terminal Link 
Order of of Amounts of Time Values 
Comparisons Reinforcement (Seconds) 
or 04 07 
1 , 9 5 5 5* 
2 9,3 96 96 150 
3 1 , 3 25 50 25 
4 5, 1 132 136 
5 5,9 17 30 
6 9, 1 64 45 
--------------------------------------------------
3, 1 5 5 
2 3,7 60 60 
3 7, 1 20 23 
* The first comparison for each subject began with 
5 seconds. 
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indifference time for the food comparisons if the variability of the 
mean was within an acceptable range. Manual titration began by 
increasing the FT associated with nine pellets in the first food 
comparison. In the second comparison, the FT associated with three 
pellets was decreased. This alternating increasing-decreasing 
pattern was continued until all the food comparisons were completed. 
To illustrate this procedure, actual data are used in the 
following example. Table 4, Appendix, page 106, shows the completed 
food comparisons for each subject. Subject Dl obtained a mean re-
sponse ratio of 6.10 for the 1 to 9 food comparison, indicated in 
Table 4, when the fixed time schedule was set at 5 seconds. The 
mean response ratio was obtained by averaging the ratios of the last 
five sessions in which the number of responses . on the lever deliver-
ing the smaller amount of reinforcement was on the bottom. The 
manual titration procedure began by increasing the right FT schedule 
delivering the small food amount in 15 to 20 second increments until 
the subject shifted preference from the lever delivering the large 
to the one delivering the small food amount. As successive adju~t-
ments approached indifference, the increments were halved in order 
that response shifts would occur as close as possible to the indif-
ference point. Table 8, Appendix, page 123, shows the times at 
which the subject's preference shifted. For example, in the first 
titration, the first shift occurred at 90 seconds and the shift 
back at 75 seconds. This process was repeated twice and the mid-
points between 90 and 75 seconds, 96 and 78 seconds, and 168 and 
60 seconds were computed. The ratio obtained from each titration 
was averaged and represented the data. The midpoints were averaged 
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to determine the indifference time for that food comparison and the 
value of the FT schedules in the next food comparison. This value 
was 94. 5 seconds in the present example . Both FT timers were then set 
at 96 seconds and the choice ratio for the next food comparison, 
9 to 3 food pellets, indicated in Table 2 was determined. 
The sets.! and Q. were separated by 15 sessions which assessed 
the position bias exhibited by the subjects after six food compari-
sons . The procedure during these 15 sessions was the same as 
depicted in Figure 1, i.e ., the initial links were concurrent VI 90-
seconds, a FT 5-second schedule was on either the right or left 
levers , and a single food pellet was delivered at the end of the 
FT schedules followed by a 2-minute time out . 
Training . The subjects were required to learn several distinct 
behaviors : (a) pressing a lever, (b) performing on a VI schedule, 
(c) performing on concurrent schedules, and (d) waiting for food 
delivery. The subjects were hand shaped to press first the left 
lever and then the ri ght lever . They were then exposed to concur-
rent VI 15-second schedule for five sessions followed by 28 sessions 
of concurrent multiple VI ORO schedules. Differential reinforcement 
of other behavior (ORO) schedules began at 5 seconds and was 
gradually increased to 30 seconds. In ORO schedules, a response 
occurring before the clock times out resets the clock to zero and 
delivers a food pellet only if no response occurs. Successful 
completion of either ORO schedule delivered a ·single food pellet and 
initiated a 10-second time out. The subjects were then introduced 
to the concurrent chains procedure. The concurrent VI schedules 
began at 15 seconds and successively increased to 60 and then to 
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90 seconds. The FT components were 5 seconds and delivered one food 
pellet each. Finally, the 10-second time out period was gradually 
increased to 2 mi nutes. Position bias assessment then began. 
Position bias. Rats usually exhibit position preferences, or 
response biases. The investigation dealt with position bias in two 
ways. First, systematic position biases were assessed and then 
countered by a training procedure before exposing subjects to the 
food comparisons in Table 2. Secondly, position bias was again 
assessed between Sets a and b of Table 2. 
The procedure eliminating position bias consisted of 5-second 
FT schedules delivering one food pellet each. The criterion for no 
response bias was a response count ratio, i.e., the number of 
responses on the left lever to the number of responses on the right 
lever during the initial link, which deviated by less than± .07 
from 1.0. A ratio of l .0 indicates that subjects chose the left and 
right alternatives equally often as predicted by the equal FT 
schedules and food deliveries if no position bias interfered. If 
the response ratio was outside the acceptable limits of .93 and 
l . 07, the probability of receiving a food pellet after the preferred 
FT 5-second schedule was made less than l .0. The subject might 
then enter the terminal link on the biased side but receive no food 
pellet when the schedule timed out. The probability generator was 
set at .10 but depended upon the strength of the bias exhibited by 
the subject. The sequence followed was: (a) three sessions of 
assessment, (b) three sessions in which the probability of food was 
less than 1.0 on the preferred lever, (c) one session with the 
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probability at 1 .0, and (d) if the response count ratio met cri-
, 
terion, the procedure continued until criterion was met for three 
consecutive sessions. If criterion was not maintained, the 
sequence again began at (a). When indifference was obtained, the 
first food comparison began at FTs of 5 seconds, as indicated in 
comparison 1 of Set a in Table 2. Response bias was again assessed 
after the six food comparisons of Set a. 
Stability criterion. A criterion in which choice proportions 
deviated by no more than 10 percent from the choice proportion of the 
previous session for five successive sessions was used. These per-
centages were determined by dividing the number of responses on the 
lever delivering the larger food amount by the total number of 
responses obtained on both levers. If stability was not obtained 
in 15 sessions, the mean ratio of the last five . sessions was used as 
the datum for that food comparison. The raw data producing the mean 
ratios of each food comparison used to assess transitivity and match-
ing are in Tables 4, 5, 6, and 7 of the Appendix, pages 106, 113, 
118, and 120, respectively. 
Choice measures . The dependent measures of choice were: (a) 
the ratios of the number of responses on one lever to the number 
of responses on the other, obtained during the initial link indicated 
in Figure 1, (b) the ratios of the time spent responding on one lever 
to the time spent responding on the other lever during the initial 
link, and (c) the ratios of the time in one FT schedule to the time 
on the FT schedule when the subject's number of responses on the 
left and right levers during the initial link were equal. Opera-
tionally, this measure was obtained in the manual titration procedure 
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described above and consisted of finding delays to reinforcement 
values at which the response ratio equaled 1.0, or indifference, in 
the initial concurrent variable interval schedules. The measure 
may be thought of as the amount of time subjects traded for a 
particular number of food pellets. 
Variability rule for establishing moderate and strong transi-
tivity. Equations (4) and (5) show those conditions necessary to 
demonstrate either moderate or strong transitivity. These conditions 
were examined in tests of the transitive properties of a subject's 
choice behavior. In Set a of Table 2, food comparisons l, 2, and 
3 and comparisons 4, 5, and 6 constituted two tests and, in Set£, 
comparisons l, 2, and 3 were a third test. The numbers of food 
pellets in the first test of Table 2 are 9, 3, and l pellets cor-
responding to~·£, and~ of the equations, respectively . The food 
comparisons were nine pellets paired with one pellet corresponding 
to the p(a,c) of the equations, nine pellets paired with three 
corresponding to p(a,b), and three paired with one pellet correspond-
ing to p(b,c). Strong transitivity was met if a subject's choice 
ratio obtained from the 9 to l food comparison was equal to or 
larger than the larger of the other two ratios. The conditions for 
moderate transitivity are met if the choice ratio for 9 to l food 
pellets was equal to or larger than the smaller of the other two 
ratios. These relations are the same for the second and third 
transitivity tests. 
A problem arises with the transitivity tests from the varia-
bility associated with the means representing each data point. For 
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example, if the value of a mean ratio is 7.5 with a standard devia -
tion of 0. 5 for one ratio of a transitivity test, it is not clear 
that a mean ratio of 6.0 with a standard deviation of 5.0 is smaller 
than the larger ratio as required by equation (4) or (5) . The range 
of the larger ratio, 7.0 to 8.0 is encompassed by the range of the 
second ratio, l .0 to 11 .0. One way to handle this problem is to 
qualify those relations of the transitivity tests in which p(a,c) 
i s equal to or greater than either p(a,b) or p(b,c) but in which 
the variability of p(a,c) is greater than the other components of 
the transitivity test. 
The approach taken was to establish a criterion of acceptabl~ 
variability. If the variability exceeded the criterion, the result 
of the test was that strong or moderate transitivity was not present. 
The rule adopted for this purpose was the following : If the mean 
ratios were within the boundary of one standard error of the comparison 
mean, strong or moderate transitivity failed in that test. That is, if 
the mean of the food comparison p(a,c) is inside the boundaries of one 
standard error for the means of the food comparisons of p(a,b) and 
p(b,c) or the reverse, then the test is judged to fail either strong 
or moderate transitivity. For example, if the ratio designated 
p(a,c) in the two equations is 7.5 with a standard deviation of .5 
and a ratio of 6. 0 for p(a,b) with a standard deviation of 5.0, and 
if the number of observations in the mean was five, the standard 
errors of the means are .22 and 2.24, respectively (S_ = S/ ,JN). 
x 
The value 7.5 lies inside the boundaries 3.76 and 8.24, that is, 
x ± lS_, for p(a,b) and the transitivity test fails to show strong 
x 
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or moderate transitivity. In accordance with the equations for 
moderate and strong transitivity, the relation of the means of the 
p(a,b) and p(b,c) food comparisons to each other are unimportant 
and was ignored while their relation to the p(a,c) food comparison 
constituted the test. 
Analysis of weak transitivity. The conditions of weak transi-
tivity, equation (3), are that all the ratios be equal to or greater 
than indifference. A ratio of 1 .0 represents indifference. Weak 
transitivity is met then if the ratio measures of choice behavior 
are equal to or greater than 1 .0. 
Evaluation of transitivity tests. Determining whether a sub-
ject's choice behavior should be characterized as strongly or mod-
erately transitive was not difficult when the results of all 
transitivity tests indicated either strong or moderate transitivity. 
The decision became more difficult when one or more of the tests, 
but not all, failed to indicate strong transitivity. 
Equations (4) and (5) indicate that moderate and strong transi-
tivity require a particular relation in the choice behavior between 
the three food amounts. Strong transitivity, equation (5), requires 
that the choice for a be greater than for Q_ and the choice for Q_ be 
greater than for c so that ~Q_>~. Since there are six possible 
arrangements for any three objects, any particular arrangement of 
a subject's preference pattern for the three food amounts of a transi-
tivity test has a probability of .166, or .17, of occurring if no 
process other than chance was operating when subjects chose between 
the different food amounts. The probability of obtaining strong 
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transitivity in this case was .17. In the case of moderate transi-
tivity , however, the relation between band£ is unimportant so 
that either,! >!~.>£ or ,!>£ >1 is acceptable in a subject's choice 
pattern . The probability of obtaining either one of these results 
in a choice pattern then is .33. 
Using the binomial theorem and letting p equal .33, the proba-
bilities that 0, 1, 2, and 3 out of 3 transitivity tests result in 
moderate transitivity by chance are produced easily. The probability 
of obtaining moderate transitivity by chance in O of 3 tests is .30, 
1 of 3 tests .44, 2 of 3 tests .22, and 3 of 3 tests .04. In only 
two completed tests, the probability for O of 2 tests is .45, 1 of 2 
tests .44, and 2 of 2 tests .11. The probabilities of obtaining 
strong transitivity are determined by letting p equal .17 in the 
binomial expansion. For 0, 1, 2, and 3 strongly transitive results 
of three tests, the probability of obtaining O of 3 tests is .57, 1 
of 3 tests .35, 2 of 3 tests .07, and 3 of 3 tests .005 . For only 
two completed tests, the probability for O of 2 tests is . 69, 1 of 
2 tests .28~ and for 2 of 2 tests .03. 
As a result of examining the probabilities of obtaining moderate 
transitivity by chance, only the choice behavior for those subjects 
who obtained moderate transitivity in all their transitivity tests 
were judged to be moderately transitive. The probability of obtain-
ing moderate transitivity by chance in 2 of 3 tests of .22 was un-
acceptable. The most acceptable decision rule in light of this 
consideration is to characterize as moderately transitive only those 
subjects ' choice behavior which obtained moderate transit i vity in 
all the transitivity tests. The probability of .04 that moderate 
transitivity occurred by chance in 3 of 3 tests was acceptably 
small . A subject's choice behavior was judged to be strongly 
transitive when 2 of the 3 tests resulted in strong transitivity 
since the probability of 2 strongly transitive outcomes in 3 
tests by chance is .07. This result was judged to be accept-
ably small . Finally, the presence of strong transitivity implies 
moderate transitivity so that transitivity tests showing strong 
transitivity also show moderate transitivity. 
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Analysis of matching. Baum (1974, 1979) introduced the loga-
rithmic expression of the power function to express the matching 
law (cf., equation (2), p. 12). The advantage of this expression 
is that its two free parameters, Ln £ and Q, provide measures of 
position bias and of deviations from matching . The parameter Ln c 
indicates the point at which the regression 1 ine fitted to the 
data intercepts the y-axis. If Ln £ is below 0. 0, it reflects a 
bias for one lever; and if above 0.0, it reflects a bias for the 
other lever. 
The parameter Q is the slope of the regression line and indi-
cates whether deviations from perfect matching occur. Deviations 
from matching reflect another form of bias referred to as over-
matching or as undermatching. Overmatching and undermatching re-
fer to values of Q greater than 1.0 and less than 1.0, respectively. 
Overmatching occurs when subjects press the lever delivering the 
larger food amount more often than predicted for perfect matching 
and undermatching occurs when subjects press the lever delivering 
the smaller food amount more often than predicted by matching. 
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Two decisions must be made once equation (2) is fitted to a 
subject's choice behavior. The first concerns whether the equation 
adequately fits the data. This decision will be based upon the pro-
portion of variance accounted for and must be greater than 80 per-
cent (Baum, 1974, 1979; Devilliers, 1977). This requires that a 
correlation coefficient,..!:_, be .90 or greater. Values of r less 
than .90 are unacceptable and the matching law, expressed by equation 
(2), cannot be said to fit a subject's choice behavior. 
The second decision concerned whether deviations from matching 
occurred, e.g., undermatching. Baum (1979) suggested that one 
method of making this decision was to determine the predictability 
lost when the slope parameter b was set to 1 .0. That is : What 
proportion of the variance is accounted for if perfect matching is 
assumed? Baum found that for values of b between .90 and 1 .11 
setting~ to 1 .0 resulted in a loss of the variance no greater than 
1 .0 percent. Baum suggested that a loss of one percent will 
generally be acceptable and that slopes between .90 and 1 .11 be 
accepted as matching. This criterion was adopted in the present 
paper. 
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EXPERIMENT l 
This experiment examined the transitive and matching properties 
of choice behavior when two parameters of reinforcement, amount of 
food and delay to food amounts, were manipulated . 
Subjects 
The experiment began with four subjects, 01, 04, 07, and 08. 
08 died after the initial training and 15 sessions of data, 07 died 
after the preliminary training and 140 sessions , and 01 just before 
the end of the experiment . The data analyzed in the results were 
from 01 and 04. All subjects , Long-Evans Hooded male rats obtained 
from the Simonsen Laboratories, were naive and approximately 120 
days old at the beginning of the experiment . 
Procedure 
All aspects of the procedure are the same as was discussed in 
the General Method section . 
Results 
Stability. Subject 01 met the stability criterion of four 
of eight completed food comparisons, 04 in six of nine compari-
sons, and 07 in four of four completed food comparisons. The 
data for response count and time allocation represent the mean 
of the last five sessions for each food comparison which either 
met the stapility criterion or was the mean of the last five 
sessions of 15 total sessions . Indifference ratios were pro-
duced by the manual titration procedure and are the means of 
three titrated ratios. 
Position bias. The probes between the food comparisons 
of Sets a and b of Table 2 indicated ratios of .85 and 1 .01 
for the response count measure for Dl and 04, respectively. 
The probes consisted of one pellet delivered on either lever 
with a delay of 5 seconds. A ratio of 1 .0 indicated the ab-
sence of a position bias. The ratio of .85 for Dl indicated 
a bias for the right lever. This bias developed despite the 
extensive training, 33 sessions, immediately preceding the ex-
periment to correct position bias. The ratio of 1 .01 for D4. 
met the criterion of no position bias. 
Transitivity properties. Figures 2 through 4 show each 
of the transitivity tests completed in Experiment 1. The in-
dividual tests are separated by a vertical line. A ST or MT 
in the upper left quadrant of a division indicates a strongly 
or moderately transitive result, respectively, according to 
the rule established earlier (p. 49). An inspection of 
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Figure 2 indicates one strongly transitive test result for the 
response count ratios of Dl and one strongly transitive test 
result for the indifference ratios of Dl. Since the probability 
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of obtaining one strongly transitive result on two completed 
tests by chance is . 28, and the probability of obtaining transi-
tivity on two of the four completed tests by chance is .30, the 
choice behavior measured by response count and indifference 
ratios was not strongly transitive . The tests of transitivity 
for the time allocation ratios are shown in Figures 11, 12, 
and 13 of the Appendix (pp. 139, 141, 143) for 01, 04, and 
07 and are not discussed since they are not independent of the 
response count measure. The response count ratios of 04 in-
dicated no strongly transitive test results (Figure 3), while 
the indifference ratios showed one strongly trans i tive test 
for 04. The probabilities of obtaining O and l strongly transi-
tive tests of three by chance are .57 and .35, respectively . 
The one test completed by 07 in response count and indifference 
ratios is indicated in Figure 4. Both tests were strongly 
transit i ve but are not discussed further since only one test 
was completed in each measure . 
In the ten transit i vity tests compl eted by 01 and D4 in 
the response count and indifference measures, three were 
strongly transitive . The probability of this result by chance 
was . 16. In summary, the behavior emitted by subjects 01 and 
04 under the conditions of Experiment l was not strongly 
transitive. 
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Nine of the ten transitivity tests completed by Dl and 04 
showed moderate transitivity . Dl failed to obtain moderate transi-
tivity in one of the tests completed for indifference ratios. Since 
Dl only completed two tests for this measure, the probability of 
obtaining one moderately transitive test was .44. The probability 
of obtaining three moderately transitive tests of four completed 
tests by chance is .10. This probability is sufficiently small 
to characterize the choice behavior of 01 as moderately transi-
t ive . The probab i lity of obtaining nine of ten moderately transi-
tive tests is . 0003. To summarize, the choice behavior exhibited 
by Dl and 04 was moderately transitive . 
Matching to food amounts. The matching relation indicated 
i n equation (2) was modified to express the ratio of the lever 
delivering the large food amount over that delivering the small 
food amount. This equation is 
ML 
Ln c + b Ln -
~1s ( 7) 
when B refers to a choice behavior, the subscripts.!:.. and i 
refer to the lever delivering the large and the small food 
amounts and M refers to food amounts. The same ratios used to 
assess the transitivity properties were used to assess the 
matching relation. For graphing purposes, 1.0 was added to 
the ratios and the ratios converted to their natural logarithm. 
Figures 5 and 6 show the matching relation of choice behavior 
to obtained food amounts for Dl and D4. Since 07 completed 
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Figure 2. The transitivity tests of Dl for the 
response count and indifference measures 
of choice behavior . A vertical l i ne 
separates each test. A ST or MT in the 
upper left quadrant of a-a-ivisTon indicates 
strong or moderate transitivity. The 
response ratios represent the means of 
the last five sessions and the indifference 
ratios represent the means of three ratios . 
The line at the top of each bar represents 
the standard error of the mean. 
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Figure 3. The transitivity tests of 04 for the 
response count and indifference measures 
of choice behavior. A vertical line 
separates each test. A ST or MT in the 
upper left quadrant of a divisTon indicates 
strong or moderate trans i tivity. The 
response ratios represent the means of the 
last five sessions and the indifference 
ratios represent the means of three ratios . 
The line at the top of each bar represents 
the standard error of the mean. 
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Figure 4. The transitivity tests for 07 for the 
response count and indifference measures. 
A vertical line separates each test. A 
ST or MT in the upper left hand quadrant 
of a dTvision indicates strong or moderate 
transitivity. The response ratios re-
present the means of the last five sessions 
and the indifference ratios represent the 
means of three ratios. The line at the top 
of each bar represents the standard error 
of the mean. 
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only three food comparisons, its data were not fitted to the 
matching equation. In both figures, circles represent the re-
sponse count ratios and triangles the indifference ratios . The 
Rand I indicate the regression lines associated with the re-
sponse count and indifference ratios, respectively. 
In Figure 5, equation (7) accounts for 88 percent, r = .94, 
of the variance of the response count choice behavior for 01. 
The regression slope is . 64. The equation adequately described 
01 's data; however, the regression slope of .64 indicated 
undermatching. In the indifference ratios exhibited by 01, 
only 22 percent, r = .47, of the variance was accounted for 
with a regression slope of .55. Equation (7) failed to fit 
the indifference behavior of 01. As in the transitivity tests, 
the time allocation measure was not extensively examined since 
it is not independent of the response count measure . 
Figure 6 shows the matching relations for 04. In the 
response count measure, 49 percent, r = . 70, of the variance 
was accounted for and in the indifference measure 32 percent, 
r = .56, of the variance was accounted for. Equation (7) 
failed to fit 04's choice behavior as measured by response 
count and indifference ratios. 
In summary, only the response count measure exhibited 
by 01 was described by the matching equation, although a devi-
ation from matching in the form of undermatching was observed 
while the choice behavior of 04 did not fit equation (7). 
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Figure 5. Choice ratios as a function of ratios 
of food amounts for Dl. Circles 
represent response count and the 
triangles indifference ratios. Rand 
I indicate the regression of response 
count and indifference ratios, 
respectively. Response count ratios 
represent the means of the last five 
sessions, while the indifference 
ratios represent the means of three 
ratios . The axes are in logarithmic 
units. 
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Figure 6. Choice ratios as a function of ratios of 
food amounts for 04. Circles represent 
response count and triangles indifference 
ratios. Rand I indicate the regression 
lines for-response count and the indifference 
ratios, respectively. Response count ratios 
represent the means of the last five sessions, 
while the indifference ratios represent the 
means of three ratios. The axes are in 
logarithmic units. 
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Discussion 
Although the choice behavior of 01 and 04 was not strongly 
transitive, it was moderately transitive. Moderate transitivity 
is not sufficient by itself to conclude that a subject's choice 
behavior represents points on a single dimension with interval 
scale characteristics. However, the absence of moderate transi-
tivity would confirm that a single scale dimension with interval 
scale characteristics did not exist. 
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For example, the failure to find moderate transitivity in the 
choice behavior in the response count measure of 01 would be in-
consistent with the fit obtained to the matching law. This is 
because Baum's expression of the matching law requires at least 
interval scale characteristics providing that the criterion for the 
fit of choice behavior to the matching law is adequate. The failure 
to obtain strong transitivity in Experiment l implies that subjects 
do not automatically combine two variables of reinforcement into 
a common reinforcement dimension with ratio scale characteristics. 
Subject 01 evidently was sensitive to primarily only one of the 
reinforcement variables, ratios of the obtained number of food 
pellets, since his choice behavior did conform to the matching law. 
011 s position bias for the right lever revealed by the probe 
between Sets a and b of Table 2 was troublesome. This bias 
developed despite the 33 training sessions immediately preceding 
the experiment, which successfully eliminated bias at the beginning 
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of the experiment. Because large and small food amounts were 
I 
alternated between the two levers, a right position bias may have 
contributed to larger ratios than expected with no bias when the 
large food amounts were on the right lever and smaller ratios than 
expected when the small food amounts were on the right lever. Such 
a result would have increased the variability in the choice ratios. 
However, Dl 's choice ratios were sensitive enough to exhibit both 
moderate transitivity and to conform to the matching law in the 
response count measure, while D4's response ratios exhibited no 
position bias, demonstrated moderate transitivity, but did not fit 
the matching law. 
Although Dl 's choice behavior as a function of food amount 
conformed to the matching law, a deviation from matching in the 
form of undermatching was observed. Several authors (Davison & 
McCarthy, 1981; Lobb & Davison, 1975; MacEwen, 1972; Myers & Myers, 
1977; Pliskoff & Fetterman, 1981; Schneider, 1973; Tustin & Davison, 
1978) argue that undermatching rather than matching is more 
characteristic of choice behavior and that undermatching has impor-
tant implications for the form of the function between behavior and 
reinforcement. Myers and Myers, for example, suggest that matching 
may be only one of a family of functions relating behavior to 
reinforcement. Pliskoff and Fetterman (1981) reported data that 
supported this conjecture when they showed that both overmatching 
and undermatching were a function of the changeover response re-
quirement. Obtaining moderate transitivity in choice behavior under 
the conditions of Experiment l is consistent with a single dimension 
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function with interval scale characteristics and this result 
suggests either that subjects behaved as if a common reinforcement 
variable existed or that the sensitivity of subjects to one rein-
forcement variable, amount of food, obscured manipulations of the 
second variable. 
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EXPERIMENT 2 
This experiment examined the transitivity properties of choice 
behavior when amount of food only was varied. The conditions of 
Experiment 2 were more consistent with the unidimensional assumption 
since only one variable of reinforcement was varied. If the manipu-
lation of two reinforcement variables disrupted transitivity, an 
examination of the choice behavior obtained under the conditions 
of Experiment 2 may result in a more frequent occurrence of strong 
transitivity. In addition, choice behavior as a function of amount 
of food was examined for its fit to the matching law. 
Subjects 
Two naive Long-Evans hooded male rats obtained from the 
Simonsen Laboratories served and were approximately 120 days old 
when the experiment began. 
Procedure 
The procedure was the same as in Experiment 1, except that the 
delay to reinforcement was 5 seconds in the Fixed Time components of 
the concurrent chains procedure for all food comparisons. The food 
amounts were the same as indicated in Table 2. The transitivity 
tests, position bias training, bias probes, and matching examinations 
were the same as in Experiment l. The manual titration procedure, 
however, consisted of always increasing the FT schedule on which the 
large food amount was delivered. 
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Results 
Stability. Subject 02 met the stability criterion in seven 
of nine completed food comparisons and 03 met the criterion in 
five of nine completed comparisons. The date for response count 
represented the means of the last five sessions. As in Experiment 1, 
t hose food comparisons not meeting the stability criterion were 
cont i nued for 15 sessions and the last five sessions averaged 
except for the indifference ratios. The indifference ratios 
were produced by the manual titration procedure and consisted 
of the means of three ratios. 
Position bias. The probes that assessed position bias re-
sulted in response ratios of .73 for 02 and .83 for 03 when ratios 
were the number of responses on the left lever over those of the 
r i ght lever . As in Experiment 1, the probes consisted of one 
food pellet delivered on either lever each with a delay of 5 
seconds. Ratios less than 1 . 0 show a preference for the right 
lever . As in Experiment 1, these position biases developed after 
an extensive training period (30 sessions for each subject) to 
correct position bias. The training procedure for eliminating 
bias appears to have been wasted time in Experiment 2. 
Transitivity properties . Figures 7 and 8 show the transitivity 
tests completed in Experiment 2. The time allocation measure 
was not independent of the response count measure and the transi-
tivity tests of the measure are in Figures 14 and 15 of the 
Appendix, pages 145 and 147. In each figure, the tests are 
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separated from each other by a vertical line. A ST or MT in the 
upper left corner of each division indicates whether a test out-
come was strongly or moderately transitive according to the 
variability rule established earlier (p. 49). D2 obtained one 
of three strongly transitive tests in the response count measure, 
Figure 7, and three of three in the indifference ratios. As 
previously indicated, the probability of a subject obtaining 
one strongly transitive test of three by chance is . 35. The 
response count measure for 02, therefore, was not strongly transi-
tive, while the indifference measures were strongly transitive. 
03 obtained three of three strongly transitive tests in the re-
sponse count measure (p = .005) and two of three strongly transi-
tive tests (p = .07) in the indifference ratios (Figure 8). Both 
measures were, therefore, characterized as strongly transitive. 
In Experiment 2, combining both subjects' test results, it was 
found that strong transitivity occurred in nine of 12 completed 
tests . The probability that this result occurred by chance is 
less than .001. In summary, the combined choice behavior of 
both subjects obtained in Experiment 2 was appropriately character-
ized as strongly transitive, although 02 failed to obtain strong 
t ransitivity in one of the choice measures. 
Moderate transitivity occurred in all three individual transi-
t ivity tests failing to obtain strong transitivity. Although 02 
f ailed to obtain strong transitivity in the response count measure, 
moderate transitivity resulted in those two tests; and since the 
remaining test was strongly transitive, it was also moderately 
transitive. To summarize, all the completed transitivity tests 
in Experiment 2 were at least moderately transitive. 
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A direct comparison between Experiments l and 2 by a statistical 
test is not available for determining whether the occurrence of strong 
transitivity is the same in both experiments. However, if the transi-
t i vity tests were assumed to be independent of each other and the 
occurrences of strong transitivity were due to chance alone, i.e., 
the behavior which produced the strongly transitive tests was random, 
the probability that strong transitivity would occur was as follows: 
In Experiment l, the probability of the three strongly transitive of 
10 completed tests occurring by chance was .16, while in Experiment 2 
the probability of the nine strongly transitive of 12 tests occurring 
by chance was less than .001. This result, the magnitude of the 
difference between the probabilities of Experiments l and 2 suggest 
that the occurrence of strong transitivity was more likely under the 
conditions of Experiment 2 rather than those of Experiment l. 
Matching to food amounts. Figures 9 and 10 show the 
matching relation of choice behavior to obtained food amounts 
for 02 and 03. The data used to examine the matching rela-
tion were the same as those used to determine the transitivity 
properties. For ease of graphing, l .0 was added to each ratio and the 
ratio converted to its natural logarithm. In both figures, the circles 
represent the response count measure and triangles the indifference 
ratios. The R indicates the regression line associated with response 
77 
Figure 7. The transitivity tests of 02 for the re-
sponse count and indifference measures of 
choice behavior. A vertical line separates 
each test. A ST or MT in the upper left hand 
quadrant of a ciTvision indicates strong or 
moderate transitivity, respectively. The 
response ratios represent the means of the 
last five sessions and the indifference ratios 
represent the means of three ratios. The 
vertical lines at the top of the bars indicate 
the standard error of the mean. 
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count (circles) and l. indicates the regression line for the indiffer -
ence ratios (triangles) . 
In Fi gure 9 for 02, equation (7) accounted for 92 percent, r = .96, 
of the variance of the response count ratios with a slope of .81. For 
the indifference ratios, 67 percent, r = .82, of the variance was 
accounted for with a regression slope of 1 .12. As previously discussed, 
the criterion for a fit of the matching law to choice behavior was that 
at least 80 percent of the variance be accounted for by the matching 
equation . The response count measure was described adequately by equa-
tion (7) . The indifference measure did not fit the matching equation. 
For one food comparison, 02 exhibited near indifference to the 
nine and five food pellets with a response count ratio of 1.13 and a 
time allocation ratio of .92. After 30 sessions of the manual titra-
tion procedure , the subject showed no preference for either nine or 
five pellets . Equation (7) accounted for 68 percent of the variance 
wi thout that datum. The results of the matching equation in Figure 14 
are reported with the datum. 
In Figure 10 for 03, 92 percent of the variance in response count 
measure was accounted for by equation (7) with a regression slope of 
.75. For the indifference ratios, 40 percent, r = .63, of the vari-
ance was accounted for with a regression slope of .46. The indiffer-
ence measure for 03, as for 02, failed to conform to the matching 
equation . For both subjects, the matching law described the response 
count behavior as a function of food amounts, although deviations 
from matching in the form of undermatching were recorded. The match-
ing law failed to fit the indifference ratios of the two subjects. 
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Figure 9. Choice ratios as a function of ratios of 
food amounts· for 02. Circles represent 
response and triangles indifference ratios. 
R indicates the regression line associated 
with response count and I the regression of the 
indifference ratios. The response count 
ratios represented the means of the last five 
sessions and the indifference ratios the means 
of three ratios. The axes are in logarithmic 
units. 
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Figure 10. Choice ratios as a function of ratios of 
food amounts for 03. Circles represent 
response and triangles represent indifference 
ratios. R indicates the regression line 
associated with response count and I the 
regression of the indifference ratios . The 
response count ratios represent the means 
of the last five sessions and the indifference 
ratios represent the means of three ratios. 
The axes are in logarithmic units. 
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Discussion 
Although two of the individual response count tests for 02 
were not strongly transitive, combining the choice behavior of 
both subjects for all transitivity tests showed that overall the 
choice behavior obtained from Experiment 2 was strongly transiti ve. 
Subject 03 exhibited strong transitivity in both response count 
behavior and in the indifference measure. The matching equation 
fit the response count ratios of both subjects, while the equation 
failed to describe the indifference ratios. The results of the 
transitivity tests are consistent with the fit of Baum's expression 
of the matching law to response ratios since Baum's equation appears 
to require at least a single dimension with interval scale character-
istics (Coombs, et al., 1970). 
Position bias was detected in the choice behavior of both sub-
jects. Although the result of the bias exhibited must be to reduce 
the sensitivity of the subject's choice behavior to the different 
food amounts, choice behavior conformed to the matching law as well 
as exhibiting strong transitivity. 
The fit of the equation revealed deviations from matching in 
the form of undermatching for both subjects' choice behavior. If 
undermatching is a significant deviation from the notion that 
choice behavior is directly proportional to amount of reinforcement, 
some model of choice behavior other than the matching law may be 
appropriate. 
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No statistical test appropriate for determining whether strong 
' 
transitivity was more likely to occur in Experiment 2 than in 
Experiment 1 was found . However, the magnitude of the difference 
between the probabilities that results of Experiment and 2 occurred 
by chance deserves notice. If only a random process had been operating 
in Experiment 1, the probability of .16 would be assigned to the 
results obtained. There is 1 ittle reason, in other words, to think 
that the rats in Experiment 1 behaved in a strongly transitive manner. 
While in Experiment 2 a probability of less than .001 would be assigned 
to the results obtained in Experiment 2. Since the probability that 
the results in Experiment 2 were only the result of random processes 
is very small, it is easy to conclude that the rats in this experi-
ment did, in fact, exhibit choice behavior that was strongly transi-
tive . 
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GENERAL DISCUSSION 
In Experiment 1, strong transitivity occurred in three of the 
ten completed tests. The probability of this result occurring by 
chance was .16. Because of this relatively high chance element of 
the strong transitivity results in Experiment 1, the choice behavior 
was concluded to be not strongly transitive. On the other hand, 
strong trans i tivity was obtained in nine of 12 completed tests in 
Experiment 2. The probability that this result occurred by chance 
was less than .001. This probability indicated that the result 
obtained was sufficiently unlikely by chance and that, therefore, 
the choice behavior in Experiment 2 was clearly strongly transitive. 
A rough comparison of Experiments and 2 was accomplished by com-
paring the probabilities that the results obtained in Experiments 
1 and 2 occurred by chance alone. The magnitude of the difference 
between the probabilities of chance occurrences in the two 
experiments (.16 for Experiment 1 and .001 for Experiment 2) 
supports the conclusion that, while strong transitivity is likely 
in the the conditions of Experiment 2, strong transitivity is not 
very likely in the conditions of Experiment 1. Apparently, the 
delay to reinforcement in conjunction with the amount of food 
variable resulted in choice behavior less likely to exhibit strong 
transitivity than when only amount of food was varied. 
Moderate transitivity occurred in nine of ten transitivity 
tests in Experiment 1 and in 12 of 12 tests in Experiment 2. The 
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probability of this result by chance in each experiment is less than 
.001. Therefore, the choice behavior was clearly moderately transi-
tive. This result is consistent with a single dimension possessing 
interval measurement characteristics . 
The results of strong and moderate transitivity confirm the 
unidimensional assumption for these data. They do not, however, 
indicate the measurement characteristics appropriate to the choice 
behavior exhibited by each of the subjects except at the lowest level 
of measurement, which is ordinality. Although the presence of 
moderate transitivity in the choice behavior of Experiment 1 and 
the presence of strong transitivity in the choice behavior of 
Experiment 2 are consistent with single dimension possessing interval 
and ratio measurement characteristics, respectively, the actual 
existence of those levels of unidimensionality must be confirmed 
by methods other than an examination of transitivity properties. 
For example, fits to the matching law can be accepted as evidence 
of interval measurement characteristics since the matching law used 
in this investigation is an expression of a function with interval 
measurement characteristics. 
The response count behavior conformed to the matching law in 
one of two subjects of Experiment 1 and in two of two subjects of 
Experiment 2. However, all three subjects exhibited undermatching 
rather than matching. This result supports those of previous 
investigators (e.g . , Lobb & Davison, 1975; Pliskoff & Fetterman, 
1981; Schneider, 1973) who argue that undermatching is more character-
istic of choice behavior than matching. These rather consistent 
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results across several investigators (cf., Baum, 1979; Davison & 
McCarthy, 1981) have important implications for the form of the 
function relating behavior with reinforcement. Myers and Myers 
suggested that matching may be only one of several functions 
between behavior and reinforcement. For example, Pliskoff and 
Fetterman showed that both overmatching and undermatching occurred 
as a result of the changeover response required to gain access to 
a concurrent behavior. Pliskoff and Fetterman varied the changeover 
response requirement among one, two, and four responses and found 
that a four response changeover requirement produced consistent 
overmatching whil;e a one response changeover requirement produced 
undermatching with a time allocated measure and inconsistent re-
sults with a response count measure. They conclude that their 
results support Myers and Myers' suggestion that there are several 
functions relating choice behavior and reinforcement. 
One subject's response count choice behavior of Experiment 
exhibited moderate transitivity as well as fitting the matching 
law. These results support a conclusion that the choice behavior 
for this subject could be described as controlled by a single dimen-
sion possessing interval scale characteristics. The fact that one 
subject's choice behavior conformed to the matching law in 
Experiment 1 indicates that the food variable dominated the delay 
to reinforcement variable to control most of the variability in 
choice behavior. This can be concluded from the fit to the matching 
law which accounts only for amount of reinforcement and if the amoont 
of reinforcement variable accounts for all or most of the variability, 
the variability introduced by a second variable must be negligible. 
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The failure of indifference behavior to conform to the matching 
equation in either Experiment 1 or 2 was interesting. Either the 
manual titration procedure that was used in the experiments was 
too insensitive to obtain adequate measures of indifference or 
indifference was not a good measure of choice behavior . That the 
latter might be the case is suggested by an examination of Logan's 
experiment (1965) . Logan used a parallel runway apparatus and rats 
to pair one food pellet delayed five seconds to three, five, seven 
and nine food pellets. The times at which indifference occurred 
between the different numbers of pellets were approximately 25, 35, 
35 and 45 seconds, respectively. In Experiment 2 of the present 
investigation, in which conditions were parallel to Logan's, the 
number of seconds delay to produce indifference was 32.5, 40.8, 55.0 
and 60 seconds for 02 and 27.5, 35.0, 58.4 and 44.2 seconds for 03. 
These results suggest that the insensitivity of the indifference 
measure to obtained food amounts was not unique to the manual titra-
tion procedure of the present investigation. 
Some subjects developed behaviors which interfered with lever 
pressing. For example, two subjects bit the levers or lights during 
the concurrent variable interval component of the schedule. One 
subject bit the left lever and pressed the right lever without bitirg. 
The result was to reduce the number of responses on one lever, while 
at the same time increasing the time allocated to that lever. 
Periodically replacing the levers with new or different levers and 
regularly washing both levers with a dishwashing detergent eliminated 
this behavior. Another subject chewed on the cue light, while 
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maintaining responding on the lever below. During this behavior, 
lever pressing was insensitive to food amount or delay to reinforce-
ment. Replacing the jewel lens of the cue light as soon as it 
showed signs of biting and regularly washing each lens with 
detergent eliminated lens biting. In addition, relatively large 
position biases developed in the behavior of all but one subject 
of the investigation. Despite the position biases, all the subjects' 
choice behavior remained sensitive to the different food amounts. 
Since the result of these behaviors was to decrease sensitivity to 
the reinforcement contingencies, these behaviors probably contributed 
to undermatching . 
In general, these results indicate that moderate transitivity 
characterized the choice behavior of rats in both Experiments l and 
2, that strong transitivity characterized the choice behavior of 
Experiment 2, that the matching law fit the choice behavior of three 
of the subjects in the response count measure, but that it did not 
fit the choice behavior of any subject when indifference ratios 
measured choice . This study demonstrated, along with the series of 
studies completed by Navarick and Fantino, that strong transitivity 
does not occur automatically in choice behavior. The transitivity 
properties of choice behavior must be determined empirically by 
appropriate tests rather than assumed. In the present study, the 
transitivity tests were consistent with a single dimensional func-
tion with ratio characteristics in Experiment 2 for both measures 
of choice in one subject and only one measure in the other subject. 
On the other hand, all measures of choice behavior were in-
dicated by the transitivity tests to be consistent with a single 
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dimensional function with interval characteristics in both experi-
ments. Determining the transitivity properties is an alternative 
to complicated model fitting for examining the characteristics of 
a function relating behavior and reinforcement. Once the transi-
tivity properties of a set of data are determined, it may be 
easier to choose an appropriate quantitative model. However, if 
both moderate and strong transitivity are not shown by the transi-
tivity tests, fitting a quantitative model may be a waste of time. 
For investigators who are not interested in quantitative expressions, 
transitivity tests may provide a simpler way to examine a behavioral 
function . 
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SUMMARY 
This study examined choice behavior for the properties of 
transitiv i ty and for conformance to the matching law . If the 
unidimensional assumption was consistent with choice behavior, 
either strong or moderate transitivity would result in the transi-
tivity tests. In this investigation, moderate transitivity 
characterized the choice behavior of both Experiments l and 2. 
That moderate transitivity should have resulted in Experiment was 
not expected s i nce two variables, amount of reinforcement and delay 
to reinforcement , were manipulated . This result perhaps is explained 
by the domination of the amount of reinforcement variable under the 
conditions of Experiment l. In Experiment l, subjects were so 
sensit i ve to amount of food that delay to food was relatively un-
important . This interpretation was supported by the fit of one 
subj ect ' s choice behavior in Experiment 1 to an expression of the 
matching law in which choice behavior was a function of food amount. 
However, delay to reinforcement apparently interfered with the 
occurrence of strong transitivity since strong transitivity occurred 
significantly more often in Experiment 2 than in Experiment 1. 
One interesting result of this investigation perhaps concerned 
the indifference measure of choice behavior. Although one subject 
in Experiment 1 failed to obtain moderate transitivity in the 
indifference measure, moderate transitivity characterized all other 
subjects' choice behavior. In spite of this consistency, none of 
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the subjects' indifference ratios fit the matching law. This result 
indicates that the indifference measure was too insensitive to the 
variables of reinforcement to be a meaningful measure of choice. 
A comparison of the indifference times obtained in the present 
investigation to comparable results obtained by Logan showed that 
the results of this investigation were similar to his and suggests 
that the indifference measures are an inadequate measure of choice 
behavior. 
The results of the transitivity tests were consistent with fits 
to the matching law. All subjects' choice behavior which fit Baum's 
expression of the matching law also showed moderate transitivity. 
The choice behavior of the two subjects of Experiment 2 was also 
strongly transitive. This does not mean that the choice behavior 
necessarily represents a single dimension possessing ratio scale 
characteristics, although such a result would be consistent with the 
matching hypothesis. Choice behavior conforming to the matching law 
showed significant deviations from matching in the form of under-
matching . According to some investigators (e.g . , Davison & McCarthy, 
1981; Lobb & Davison, 1975; MacEwen, 1972; Schneider, 1973; Tustin & 
Davison, 1978} undermatching is more characteristic of choice be-
havior than is matching. Myers and Myers, along with Pliskoff and 
Fetterman, argue that matching is only one of a family of possible 
functions between choice behavior and reinforcement. 
If matching is only one of several functional relations 
between choice behavior and reinforcement, the response strength 
concept becomes correspondingly more complex. The relation of 
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transitivity to the matching law is through the concept of response 
strength. The response strength concept, however, is already a 
controversial one which may be based upon the probability of a 
response or upon direct measures of responding such as latency, fre-
quency, amount of reinforcement, or a resistance to extinction. 
Michael (1980) recently preferred to define response strength by 
direct measures of responding which explicitly excluded probability. 
This approach runs into difficulties when applied to choice behavior 
since several studies (Lobb & Davison, 1975; Schneider, 1973), as 
well as the present one, showed that choice behavior, rather than 
being directly proportional to amount of reinforcement, is character-
ized more often by undermatching. These difficulties with the 
response strength concept suggest that comparison between the transi-
tivity paradigm and the matching law should be made with caution. 
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APPENDIX 
Subjects 
Dl 
04 
07 
08 
02 
03 
Tab 1 e 3 
Subject Attrition Encountered during the Investigation 
and the Food Comparison Completed 
Started 
10 Oct. 77 
10 Oct. 77 
10 Oct. 77 
10 Oct. 77 
l O Oct. 77 
10 Oct. 77 
Sessions 
Of Data 
297 
331 
140 
15 
247 
241 
Experiment 1 
Com~arisons 
8 
9 
4 
l 
Experiment 2 
9 
9 
Death 
26 May 793 
27 Nov 782 
8 Mar 781 
Termination 
24 May 79 
10 Jun 79 
3 Jun 79 
l. Respiratory epidemic occurred in the animal vivarium resulting in the death of several other rats 
as well 
2. Another respiratory epidemic occurred in the vivarium. 
3. Unknown. 
0 
u, 
Table 4 
Mean Choice Ratios in Number of Responses and Time Allocation Ratios 
in Seconds from Set~ of Experiment 1 
Food 
Comparison 
1 food pellet - left 
9 food pellets - right 
FTs - 5 seconds 
Mean 
s.d. 
Left 
170.0 
135.0 
159. 0 
209.0 
156. 0 
165. 2 
Subject 01 
Response 
Count 
Choice 
Right Proportion 
925.0 5.44 
1160. 0 8. 59 
1060.0 6.67 
964.0 4.61 
810.0 5. 19 
983.8 6. l O 
1. 58 
Left 
--
141. 6 
137. 4 
190. 2 
249.6 
196.8 
183. 1 
Time 
A 11 ocati on 
Choice 
Right Proportion 
631.5 4.46 
763.4 5.56 
693.3 3.65 
637. l 2.55 
569.6 2.89 
659.0 3.82 
1.22 
Obtained 
Food Amount 
Left fil_ght 
11. 0 81. 0 
10.0 90.0 
11. 0 81.0 
11. 0 81. 0 
10. 0 90.0 
1 o. 6 84.6 
Ratio 
7.36 
9.00 
7. 36 
7.36 
9.00 
8.02 
------------------------------------------------------------· -------------------------------------
431. 0 61. 0 7.07 1241.0 64. l 19.36 126.0 6.0 21. 00 
425.0 35.0 12. 14 1500.3 84.0 17.86 156. 0 6.0 25.50 
9 food pellets - left 559.0 219.0 2.55 883.0 183.8 4.80 l 08. 0 24.0 4.50 
3 food pellets - right 476.0 68.0 7.00 1306 .8 74.2 17. 61 135. 0 12.0 11 . 25 
FTs - 96 seconds 391.0 76.0 5. 14 1136.7 139.4 8. 15 135.0 12.0 11. 25 
Mean 456.4 91.8 6.73 1213. 6 109. l 13.60 131. 4 12. 0 14.70 
s.d. 3.52 6.61 
0 
O'l 
Table 4 (continued ) 
Subject 01 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Pro~ortion Left Right Ratio 
256.0 919.0 3. 59 379. 5 494.0 l. 30 8.0 36.0 4.50 
304.0 1399. 0 4.60 462.8 643.9 l. 39 7.0 39.0 5. 57 
l food pellet - left 188.0 1083.0 5.76 408.7 655.6 l.60 9.0 27.0 3.00 
3 food pellets - right 284.0 1035.0 3.64 561. 5 758. 0 l. 35 9.0 30.0 3. 33 
FTs - 25 seconds 223.0 l 003. 0 4.50 204.6 579.7 2.83 7.0 36.0 5. 14 
---
Mean 251.0 1087.8 4.42 403. 0 626.2 l. 70 8.0 33.6 4. 31 
s.d. 0.88 0.65 
-------------------------------------------------------------------------------------------------
319.0 225.0 3.64 575.9 227.8 2.53 55.0 6.0 9. 17 
920.0 388.0 2. 37 753.7 159.0 4.74 55.0 6.0 9. 17 
5 food pellets - left 732.0 201. 0 3.64 606. 3 92.4 6.56 40.0 8.0 5.00 
l food pellet - right 858.0 198.0 4 .33 1035.3 94.2 11.00 50.0 6.0 8.33 
FTs - 132 seconds 822.0 37.0 22.22 1163. 4 21.8 53.37 60.0 5.0 12.00 
Mean 830.2 209.8 7.24 827.0 119.0 15. 64 52.0 6.2 7.27 
s.d. 8.40 21.32 
---------------------------------------------------------------------------------------------------
454.0 1706. 0 3.76 257.5 739.0 3.06 35.0 117. 0 3.34 
463.0 1337. 0 2.89 272.4 741. 2 2. 72 30.0 126.0 4.20 
5 food pellets - left 569.0 1928.0 3.39 259.4 950. 5 3.66 40.0 108.0 2. 70 
9 food pellets - right 651.0 1680.0 2.58 324.6 859.0 2.65 25.0 117.0 4.67 
FTs - 17 seconds 535.0 1296. 0 2.42 316.9 725.8 2.29 30.0 126.0 4.20 
Mean 534.4 1529.4 3. 01 286.2 813. 1 2.87 32.0 118.6 3.82 
s.d. 0.56 0.52 0 
--..J 
------------------------------------------------------------------------------------------------
Table 4 (continued) 
Subject Dl 
Food Response 
Comparison Count 
Choice 
Left Right ProQortion Left 
1645.0 182. 0 9.04 1752.4 
1801. 0 42.0 42.88 1962.2 
9 food pellets - left 1633.0 65.0 25. 12 1419.2 
1 food pellet - right 1670.0 53.0 31 . 51 1450.4 
FTs - 84 seconds 1736.0 31.0 56.00 1600.5 
Mean 1697.0 74.6 32.91 1634. 9 
s .d. 17.78 
Subject D4 
1149. 0 94.0 12.22 846.0 
1490.0 105.0 14. 19 1044.0 
9 food pellets - left 1591.0 114. 0 13. 96 1034.0 
l food pellet - right 1173. 0 113. 0 l 0. 38 985.0 
FTs - 5 seconds 1438.0 168.0 8.56 951. 1 
Mean 1368.2 118.8 11. 86 972.0 
s.d. 2.40 
Time 
Allocation 
Choice 
Right ProQortion 
169.4 lo. 34 
85.3 140.23 
38.1 37.25 
31. 1 46.64 
16.5 97.00 
68. 1 66.29 
51.89 
84.5 l O. 01 
63.8 16.36 
73.2 14. 13 
91.2 l 0. 73 
72.2 13. 17 
77. l 12.88 
2.58 
Obtained 
Food Amount 
Left Right Ratio 
126.0 5.0 25.20 
144.0 4.0 36.00 
171.0 1.0 171. 00 
162.0 2.0 81.00 
171. 0 1.0 171.00 
154.8 2.6 96.84 
99.0 9.0 11. 00 
117.0 7.0 16. 71 
117.0 7.0 16. 71 
117 .0 7.0 16. 71 
117 .0 8.0· 14.63 
113. 4 7.6 15. 15 
0 
00 
Table 4 (continued) 
Food 
Comparison 
3 food pellets - left 
9 food pellets - right 
FTs - 96 seconds 
Mean 
s.d. 
3 food pellets - left 
1 food pellet - right 
FTs - 50 seconds 
Mean 
s.d. 
Left 
239.0 
252.0 
143. 0 
201. 0 
82.0 
183.4 
1254.0 
1503.0 
1525.0 
1043.0 
1604.0 
1385. 8 
Subject 04 
Response 
Count 
Choice 
Right Pro~ortion Left 
2263.0 9.47 232.2 
1312. 0 5.21 126. 0 
2461. 0 17.21 311.8 
2003.0 9.97 171. 3 
2378.0 29.00 433.0 
2083. 4 14. 17 254. 9 
9.34 
530.0 2.37 591. 3 
543.0 2.79 659.8 
518.0 2.94 736. 0 
409.0 2.55 490. l 
368.0 4.36 699.2 
473.6 3.00 635. 3 
0.79 
Time Obtained 
A 11 ocati on Food Amount 
Choice 
Right Pro~ortion Left Right Ratio 
892. 2 3.84 21.0 117 . 0 5.57 
630.0 5.00 24. 0 99. 0 4. 13 
1271.4 4.08 12.0 144.0 12.00 
993.7 5.80 15. 0 117.0 7.80 
1182. 7 2.73 9.0 144.0 16. 00 
994.0 4.29 16.2 124.2 9. l O 
1.17 
262. 0 2.26 30.0 10. 0 3.00 
231.8 2.85 36.0 8 . 0 4 . 50 
258.9 2.84 33.0 9 . 0 3.67 
169.4 2.89 36. 0 6.0 6. 00 
189.9 3.68 33.0 8.0 4 . 13 
222.4 2.90 33.6 8 . 2 4.26 
0. 51 
----------------------------------------------------------------------------------------------------
172.0 983.0 5. 72 325.4 840. 6 2.58 8.0 60.0 7. 50 
135.0 988.0 7.32 579.8 699.9 l. 21 9.0 45.0 5. 00 
l food pellet - left 127.0 l 011. 0 7 . 96 150. 3 760.8 5.06 3.0 70.0 23.33 
5 food pellets - right 272.0 1330. 0 4.89 187.5 813.8 4.34 6.0 65.0 10.83 
FTs - 135 seconds 182.0 1372. 0 7.54 73.5 968.0 13.17 6.0 70.0 14.00 
Mean 177 .6 1136 .8 6.68 263.3 816.6 5.27 6.2 62.0 12. 13 
s.d. l. 31 4.66 
----------------------------------------------------· ---------------------------------------------
0 
\.0 
Table 4 (continued) 
Subject 04 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Pro~ortion Left Right Ratio 
1824.0 667.0 2.73 815.4 301.9 2.70 108.0 35.0 3.03 
1407.0 738.0 1. 90 558.4 242.0 2.30 90.0 40.0 2.25 
9 food pellets - left 1245.0 719.0 1. 73 507.6 239. 1 2. 12 99.0 45.0 2.20 
5 food pellets - right 1345. 0 788.0 ,. 72 568.5 271.0 2.10 90.0 50.0 1.80 
FTs - 29 seconds 1271.0 621 .0 2.05 607.8 240.7 2.53 90.0 50.0 1.80 
Mean 1420.4 706.6 2.03 611. 5 258.9 2.35 95.4 44.0 2.23 
s.d. 0.42 0.26 
559.0 1568.0 2. 81 239.3 775. 7 3.24 8.0 108.0 13.50 
692.0 2239.0 3.24 260.5 851.6 3.27 10.0 90.0 9.00 
1 food pellet - left 680.0 2789.0 4.10 280.6 1074.3 3.83 7.0 117 .0 16.71 
9 food pellets - right 315.0 1888.0 5.99 201.0 978.5 4.87 8.0 108.0 13.50 
FTs - 45 seconds 367.0 2490.0 6.78 163.5 1008.2 6. 17 6.0 126.0 21.00 
Mean 522.6 2194.8 4.58 229.0 951. 3 4.28 7.8 109.8 14.74 
s.d. 1. 73 1. 25 
----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
0 
Table 4 (continued) 
Subject D7 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Pro~ortion Left Right Ratio 
371.0 3163.0 8.53 163.2 1145. 0 7.02 11. 0 81.0 7. 36 
166.0 2598.0 15.65 81. 0 1154. 0 14.25 8.0 108.0 13.50 
l food pellet - left 128.0 2619.0 20.46 78.5 1155. 0 14. 71 6.0 117 .0 16.71 
9 food pellets - right 159. 0 2483.0 15.62 101.3 1178.8 11. 64 7.0 72.0 10.29 
Fts - 5 seconds 168.0 1686.0 10.04 111. 5 904.4 8.11 6.0 90.0 15. 00 
Mean 198.4 2509.8 14.06 107 .1 928.5 11. 14 7.6 93.6 12.57 
s.d. 4.81 3.49 
--------------------------------- ------------------------------------------------------------------
1209.0 140.0 8.64 1189. 9 84.0 14. 27 135 .0 15.0 9.00 
1699.0 170.0 10.00 919.7 78.0 11. 79 108. 0 21. 0 5.14 
9 food pellets - left 1666.0 265.0 6.29 838. 7 108.0 7. 77 99.0 27.0 3.67 
3 food pellets - right 1507.0 178.0 8.47 832.0 70.2 11. 85 126.0 18.0 7.00 
Fts - 150 seconds 2354.0 126.0 18.08 1409.5 57.4 24.56 162.0 6.0 27.00 
Mean 1687.0 175.8 10.30 1039.8 75.5 14.05 126.0 17.4 10. 36 
s.d. 4.54 6.32 
----------------------------------------------------------------------------------------------------
288.0 1803.0 6.26 180.0 961. 5 5.34 7.0 39.0 5.57 
284.0 2054.0 7.23 174. 1 978.6 5.62 6.0 39.0 6. 50 
1 food pellet - left 278.0 2205.0 7.93 116.6 1001 . 4 8.59 8.0 36.0 4.50 
3 food pellets - right 290.0 2200.0 7. 59 .136. 4 887.5 6. 51 7.0 39.0 5.57 
FTs - 25 seconds 216.0 1636.0 7.57 164.0 724.8 4.42 8.0 36.0 4.50 
Mean 271 .2 1979. 6 7.32 154.8 910.8 6. 10 7.2 37.8 5.33 
s.d. 0.64 l. 58 
----------------------------------------------------------------------------------------------------
Table 4 (continued) 
Subject 07 
Food Response Time Obtained 
Comparison Count A 11 ocati on Food Amount 
Choice Choice 
Left Right Proportion Left Right Pro~ortion Left Right Ratio 
1547. 0 164.0 10.00 1091. 0 81. 1 14. 29 65.0 7.0 9.09 
1628.0 268.0 6.25 899. l 342.2 2.63 65.0 7.0 9.09 
5 food pellets - left 1544.0 143.0 lL 11 755.3 172.0 4.35 65.0 7.0 9.09 
1 food pellet - right 1498.0 192. 0 7.69 895.3 222.8 4.00 55.0 5.0 11.00 
FTs - 114 seconds 1333.0 l 02. 0 7 .14 772.0 132'. 0 5.88 60.0 7.0 8.57 
Mean 1500.8 176.3 8.44 882.7 190.0 6.23 62.0 6.6 9.34 
s .d. 2.03 4.65 
N 
Table 5 
Mean Choice Ratios in Number of Responses and Time Allocation Ratios 
in Seconds from Set~ of Experiment 2 
Subject 02 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Pro~ortion Left Right Ratio 
1250.0 279.0 4.48 686.6 154.4 4.20 108.0 8.0 13. 5 
1466.0 272.0 5.39 641. l 126.4 5.07 90.0 10.0 9.0 
9 pellets - left 1282.0 219.0 5.85 601. l 82.6 7.28 90.0 10.0 9.0 
l pellet - right 1183. 0 259.0 4.57 618.6 l 09. l 5.67 90.0 10.0 9.0 
1389.0 288.0 4.82 647.9 146.5 4.42 l 08. 0 8.0 13. 5 
Mean 1314.0 263.4 5.02 631.5 123.8 5.33 97.2 9.2 10.8 
s.d. 0.58 1.23 
704.0 1846.0 2.62 282.2 977. l 3. 46 33.0 81.0 2.45 
546.0 1031.0 l.89 216.4 614.7 2.84 24.0 108.0 4.50 
3 pellets - left 488.0 992.0 2.30 184.7 613.8 3.32 30.0 81. 0 2.70 
9 pellets - right 351.0 1090.0 3.11 153. 9 920.9 5.98 21.0 117 .0 5.57 
687.0 1582.0 2.30 264.7 1140. 0 4.31 27.0 99.0 3.67 
---
Mean 555.2 1308. 2 2.39 220.4 854. l 3.98 27.0 92.2 3.78 
s .d. 0.49 1.24 
---------------------------------------------------------------------------------------------------- ....... 
....... 
w 
Table 5 (continued) 
Subject 02 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Ri9.h.t_ ProQortion Left Right ProQortion Left Right Ratio 
1474.0 485.0 3.04 656.0 341.7 l. 92 42.0 6.0 7.00 
1244.0 308.0 4.04 476.9 264. l l.81 33.0 9.0 3.67 
3 pellets - left 1183. 0 356.0 3.32 584.0 194. 7 3.00 39.0 7.0 5.57 
l pellet - right 1288.0 328.0 3.93 754.0 178. 5 4.22 30.0 6.0 5.00 
1742.0 644. 0 2.70 518. 1 274. l 2.62 42.0 6.0 7.00 
Mean 1386. 2 424.2 3.41 637.8 250.6 2.71 37.2 6.8 5.65 
s.d. 0.57 0.98 
----------------------------------------------------------------------------------------------------
182.0 956.0 5.25 87.5 700.0 8.00 2.0 40.0 20.00 
142.0 1306.0 9.20 65.4 1153. 6 17 .64 2.0 80.0 40.00 
l pellet - left 197. 0 1517.0 7.70 91.4 854.5 9.35 5.0 45.0 9.00 
5 pellets - right 196. 0 1024.0 5.22 51.0 717. l 14.06 4.0 65.0 16. 25 
97.0 1125.0 11. 60 11. l 912.2 82.18 4.0 80.0 20.00 
Mean 162.8 1183. 6 7.79 61.3 867.5 26.25 3.4 62.0 21 .05 
s.d. 2. 72 31. 50 
----------------------------------------------------------------------------------------------------
491.0 348.0 l.40 458. l 359.9 l. 27 72.0 55.0 l. 31 
401.0 376.0 l. 07 392.2 315.6 l. 24 72.0 45.0 l.60 
9 pellets - left 433.0 423.0 l. 02 233.7 402.0 0.58 72.0 50.0 l.44 
5 pellets - right 538.0 564.0 0.92 284.9 426.0 0.67 99.0 45.0 2.20 
458.0 376.0 l. 20 248.7 236.9 0.34 72.0 60.0 l. 20 
Mean 464.2 416.4 l. 13 321.9 358. 1 0.92 77 .4 51. 0 l. 55 
s.d. 0.18 0.32 +:> 
----------------------------------------------------------------------------------------------------
Table 5 (continued) 
Subject 02 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Proportion Left Right Pro~ortion Left Right Ratio 
193.0 l 021. 0 5.29 89.0 917. 7 10.31 5.0 117 .0 23.40 
191.0 1045. 0 5.47 70.3 905.4 12.88 4.0 135.0 33.75 
l pellet - left 145.0 967.0 6.67 150.3 930.2 6. 19 5.0 117 .0 23.40 
9 pellets - right 163.0 1108. 0 ' 6.80 138. l 961. l 6.95 5.0 126.0 25.20 
51.0 1263.0 24.76 13.9 1296.7 93.29 2.0 144.0 72.00 
--
Mean 148.6 1080.8 9.80 92.3 1002.2 26.93 4.2 127.2 35.55 
s .d. 8.39 37.40 
Subject 03 
1396. 0 217.0 6.43 886.6 114.0 7.78 117 .o 7.0 16. 71 
1499.0 119.0 12.60 990.0 59.5 16.63 117 .0 7.0 16. 71 
9 pellets - left 1940.0 289.0 6.71 1266.4 134.2 9.44 99.0 9.0 11. 00 
1 pe 11 et - right 1324.0 190.0 6.97 808.9 95.2 8.50 99.0 9.0 11.00 
1437.0 212.0 6.79 889.6 98.8 9.00 99.0 9.0 11.00 
Mean 1519. 2 205.4 7.90 968.3 100.3 10. 27 106.2 8.2 12.28 
s.d. 2.63 3.61 
u, 
Table 5 (continued) 
Subject 03 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right ProE!ortion Left Right Pro~ortion Left Right Ratio 
295.0 750.0 2.54 280. 5 662. 7 1. 97 30.0 90.0 3.00 
478.0 1219.0 2. 55 276. 1 653.4 2.37 24.0 108.0 4. 50 
3 pellets - left 516.0 1198. 0 2.32 336.4 679.0 2.02 24.0 108.0 4.50 
9 pellets - right 534.0 1353.0 2.53 316.0 681.9 2. 15 27.0 99.0 3.67 
381.0 864.0 2.27 291.8 533.0 1.83 33.0 81.0 2.45 
Mean 440.8 1076.8 2.44 290.2 624.0 2.07 27.6 92.2 3.62 
s.d. o. 14 0.20 
----------------------------------------------------------------------------------------------------
832.0 412.0 2.02 634.8 215.2 2.95 27.0 11.0 2.45 
998.0 455.0 2. 19 788.9 115. 9 6.81 39.0 7.0 5.57 
3 pellets - left 913.0 430.0 2. 12 765.3 162. 1 4. 72 39.0 9.0 4.33 
1 pellet - right 1096.0 338.0 3.24 792.2 219.6 3.61 36.0 8.0 4.50 
1226.0 356.0 3.44 769.2 104.6 7.35 33.0 6.0 5.50 
Mean 1013. 0 398.2 2.60 750. 1 163.5 5.09 34.8 8.2 4.47 
s.d. 0.68 1. 94 
----------------------------------------------------------------------------------------------------
223.0 857. 0 3.84 275. 4 634.2 2.30 7.0 65.0 9.29 
353.0 909.0 2.58 178.6 730. 6 4.10 8.0 60.0 7.50 
1 pellet - left 415.0 1696.0 4.09 269.8 1011 . 5 3.75 8.0 50.0 6.25 
5 pellets - right 553.0 1227.0 2.22 305.7 722. 3 2.36 10.0 50.0 5.00 
501.0 1054.0 2.10 310.4 702.3 2.26 9.0 50.0 5.56 
Mean 409.0 1148. 6 2.97 268.0 760.2 2.95 8.4 55.0 6.72 
s.d. 0.93 0.89 
°' 
----------------------------------------------------· ---------------------------------------------
Table 5 (continued) 
Subject 03 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Pro~ortion Left Right Ratio 
415.0 154. 0 2.69 1293.0 244.4 5.30 135.0 25.0 5.40 
620.0 200.0 3.10 423.8 287.0 1.48 90.0 50.0 1.80 
9 pellets - left 742.0 277 .0 2.68 850.2 221. l 3.85 135.0 20.0 6.75 
5 pellets - right 490.0 195.0 2.51 719. l 249.9 2.88 117. 0 35.0 3.34 
598.0 223.0 2.68 924.9 179.2 5. 16 135.0 25.0 5.40 
Mean 573.0 209.8 2.73 842.2 236.2 3.73 122.4 31.0 4.54 
s.d. 0.22 l. 61 
----------------------------------------------------------------------------------------------------
244.0 2143.0 8.78 101.4 1127 .8 11 . 12 7.0 117 .0 16.71 
262.0 1548. 0 5.91 95.6 981.6 10.27 6.0 117 .0 19.50 
l pellet - left 105.0 1329. 0 12.66 105.6 986.3 9.34 3.0 126.0 42.00 
9 pellets - right 95.0 1443.0 15. 19 43.0 782.4 18.20 7.0 117 .0 16.71 
278.0 1317.0 4.74 l 04. 5 751.0 7. 19 6.0 126.0 21.00 
Mean 196.8 1556.0 9.46 90.0 925.8 11. 22 5.8 120.6 23. 18 
s.d. 4.43 4. 16 
'-J 
Food 
Comparison 
3 pellets - left 
l pellet - right 
FTs - 5 seconds 
Mean 
s.d. 
3 pellets - left 
7 pellets - right 
FTs - 60 seconds 
Mean 
s. d. 
Table 6 
Mean Choice Ratios in Number of Responses and Time Allocation Ratios 
in Seconds from Set b of Experiment l 
Subject Dl 
Response Time Obtained 
Count Allocation Food Amount 
Choice Choice 
Left Right Pro~ortion Left Right Proportion Left Right 
1429.0 293.0 4 .88 970.3 283. 7 3.42 36.0 7.0 
1299.0 146.0 8.90 966.2 149.2 6.48 42.0 6.0 
1301. 0 336.0 3.87 905.9 286 . 1 3. 17 36.0 7.0 
982.0 491. 0 2.00 686.7 288.9 2.38 36.0 8.0 
1168. 0 544.0 2. 15 837.5 331. 5 2.53 30.0 10.0 
1235.8 362.0 4.36 873.3 267.9 3.60 36.0 7.6 
2.81 1.67 
140.0 892.0 6.37 171. 8 775.0 4.51 15.0 105.0 
211. 0 935.0 4.43 179.3 787.9 4.39 27.0 77 .0 
344.0 690.0 2. 01 279.3 479.0 1. 72 24.0 84.0 
213.0 1037.0 4.87 142.3 921.5 6.47 18.0 98.0 
62.0 994.0 16.03 29.3 784.7 26.78 12.0 98.0 
--
194.0 909.6 6. 74 164.0 749.6 8.78 19.2 92.4 
5.43 10.21 
Ratio 
5. 14 
12. 14 
5. 14 
4.50 
3.00 
5.98 
7.00 
2.85 
3.50 
5.44 
8.17 
5.39 
co 
Table 6 (continued) 
Subject 04 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Pro(:!ortion Left Right Pro(:!ortion Left Right Ratio 
550.0 1183. 0 2. 15 288.6 553.2 1. 92 9.0 33.0 3.67 
779.0 2056.0 2.64 299.6 756.2 2.52 7.0 39.0 5.57 
1 pellet - left 461.0 1221.0 2.65 263.2 673.4 2.55 8.0 36.0 4.50 
3 pellets - right 856.0 1919.0 2.24 360.7 727 .5 2.02 11 .0 24.0 2 . 18 
FTs - 5 seconds 219.0 1409.0 6.43 l 07. 1 786.8 7.35 9.0 36.0 4.00 
Mean 573.0 1577. 6 3.22 · 263.8 699.4 3.27 8.8 33.6 3.98 
s.d. 1. 81 2.30 
----------------------------------------------------------------------------------------------------
1221.0 265.0 5.60 635. 1 148.0 4.29 105.0 9.0 11. 67 
1277. 0 171. 0 7.50 749.0 51.6 14.52 105.0 9.0 11.67 
7 pellets - left 1685.0 139.0 12.10 812.4 51.0 15.93 105.0 12.0 8.75 
3 pellets - right 1200.0 254.0 4.70 687.0 152.8 4.50 91.0 18.0 5.06 
FTs - 56 seconds 1749.0 315.0 5.60 1001 .8 144.9 6.91 105.0 12.0 8.75 
Mean 1426.4 228.8 6.90 777. 1 109. 1 9.23 102.2 12.0 8.52 
s.d. 3. 13 5.59 
----------------------------------------------------------------------------------------------------
241. 0 1505.0 6.24 109.6 938.3 8. 56 5.0 105.0 21.00 
547.0 652.0 1. 19 438.0 447.3 1.02 10.0 70.0 7.00 
l pellet - left 149.0 2933.0 19.68 47.3 1143. 2 24. 17 3.0 119.0 39.67 
7 pellets - right 223.0 1116.0 5.00 155.3 786.6 5.07 7.0 91.0 13.00 
FTs - 23 seconds 216.0 2192.0 10. 15 136.6 1006.3 7.37 4.0 112 .0 28.00 
Mean 275.2 1679.6 8.45 177 .4 864.4 9.24 5.8 99.4 21.73 
s.d. 7.04 8.83 I.O 
Table 7 
Mean Choice Ratios i n Number of Responses and Time Allocation Ratios 
i n Seconds from Set Q_ of Experiment 2 
Subject 02 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right Proportion Left Right Proportion Left Right Ratio 
327.0 965.0 2.95 143.8 819. 3 5.70 7.0 36.0 5. 14 
95.0 1427.0 15.02 59.4 1191. 9 20.07 2.0 48.0 24.00 
l pellet - left 22.0 1068.0 48. 55 11. 0 857.7 77 .97 1.0 39.0 39.00 
3 pellets - right 38.0 1354.0 35.63 22.5 1090.6 48.47 1.0 48.0 48.00 
91. 0 2009.0 22.08 34.7 1294.2 37.30 1.0 51.0 51.00 
Mean 114.6 1364.6 24.85 54.3 836.3 37.90 2.4 44.4 33.43 
s.d. 17.76 27. 72 
---------------------------------------------------- ---------------------------------------------
703.0 107.0 6.57 1300.2 50.2 25.90* 70.0 6.0 
738.0 468.0 1. 58 606.2 171 . 1 3. 54 77 .0 27.0 
7 pellets - left 772.0 320.0 2.41 764.7 218.3 3. 50 91.0 21.0 
3 pellets - right 890.0 378.0 2.35 595.4 313. 1 l. 90 77 .0 27.0 
696.0 619.0 1. 12 468.6 355.0 l. 32 70.0 30.0 
Mean 759.8 378.4 2.81 608.7 264.4 2.57 77 .o 22.2 
s.d. 2. 17 1.13 
* This time allocated choice proport i on was due to mechanical error and was excluded from the 
data analysis. 
11.67 
2.85 
4. 33 
2.85 
2.33 
4.81 
N 
0 
Table 7 (continued) 
Food 
Comparison 
l pellet - left 
7 pellets - right 
Mean 
s.d. 
1 pe 11 et - 1 ef t 
3 pellets - right 
Mean 
s.d. 
Left 
77 .0 
178.0 
28.0 
138.0 
182.0 
--
120.6 
491.0 
415.0 
356.0 
490.0 
522.0 
346.8 
Subject 02 
--
Response 
Count 
Choice 
Right Pro~ortion Left 
1971.0 25.60 11. 0 
2001. 0 11. 24 71. 7 
1580.0 56. 43 9. 1 
1971.0 14.28 52.5 
1624.0 8.92 146.4 
1829.4 23.29 58. l 
19.60 
Subject 03 
l 031 . 0 2. 10 371.4 
889.0 2. 14 312.4 
938.0 2.63 187. 1 
1320.0 2.24 378.2 
1240.0 2.38 357.4 
1083.6 2.30 321.3 
0.20 
Time Obtained 
Allocation Food Amount 
Choice 
Right Pro~ortion Left Right Ratio 
1299.7 118.15 3.0 112 .0 37.33 
1354. l 18.89 6.0 98.0 16.33 
1271.4 139. 70 1.0 126.0 ' 126.00 
1151.2 21. 93 4.0 112 .0 28.00 
1645.7 11 .24 6.0 98.0 16.33 
1224.4 61.98 4.0 109.2 44.80 
61. 71 
601.3 1.62 10.0 24.0 2.40 
600.6 1.92 10.0 30.0 3.00 
569.0 3.04 9.0 33.0 3.67 
960.3 2.54 10.0 30.0 3.00 
615.2 l. 72 10.0 27.0 2.70 
669.3 2. 16 9.8 28.8 2.95 
N 
Table 7 (continued) 
Subject 03 
Food Response Time Obtained 
Comparison Count Allocation Food Amount 
Choice Choice 
Left Right ProQortion Left Right ProQortion Left Right Ratio 
945.0 433.0 2. 18 568.3 255.0 2.23 77 .0 27.0 2.85 
1060.0 650.0 1.63 618.8 318.2 1. 94 77 .0 27.0 2.85 
7 pellets - left 798.0 755.0 1. 06 607.3 370.7 1.64 77 .0 27.0 2.85 
3 pe~lets - right 1155. 0 445.0 2.60 793.2 345.6 2.30 77 .0 27.0 2.85 
901.0 787.0 1. 14 600.3 362.6 1.66 77 .0 27.0 2.85 
Mean 971 .8 614.0 1. 72 637.4 330.4 1. 95 77 .0 27.0 2.85 
s.d. 0.66 0.31 
----------------------------------------------------------------------------------------------------
563.0 1459.0 2.59 334. 5 796.6 2.38 9.0 77 .0 8.56 
434.0 825.0 l. 90 273.5 529.0 1. 93 8.0 84.0 10.50 
1 pellet - left 139.0 1661.0 11. 95 99.8 862.2 8.64 5.0 91.0 18.20 
7 pellets - right 161. 0 1361.0 8.45 87.9 973.4 11. 07 7.0 91.0 13.00 
430.0 693.0 1. 61 270.1 598.0 2.21 9.0 77 .0 8.56 
Mean 345.4 1196.8 5.30 213.2 751.8 5.25 7.6 84.0 11. 76 
s.d. 4.65 4.30 
N 
N 
123 
Table 8 
Results of the Manual Titration Procedure and the Resulting 
Indifference Times from Set~ of Experiment 1 
Subject 01 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Ratios 
1 pellet - left 75.0 90.0 82.5 16.50 
9 pellets - right 78. 0 96. 0 87.0 17.40 
Right lever FT adjusted 60.0 168.0 114.0 22.80 
FTs - 5 seconds 
Mean 71. 0 118. 0 94.5 18.90 
s.d. 3. 41 
9 pe 11 ets - left 15.0 25.0 20.0 4.80 
3 pellets - right 15.0 35.0 25.0 3.84 
Right lever FT adjusted 10.0 55.0 32.5 2.95 
FTs 
-
96 seconds 
Mean 13.0 38.0 25. 5 3.86 
s.d . 0.96 
-----------------------------------------------------------------
l pellet - left 120.0 180.0 150. 0 6.00 
3 pellets - right 84.0 180. 0 132.0 5.28 
Right lever FT adjusted 72.0 150.0 111. 0 4.44 
FTs 
-
25 seconds 
Mean 92.0 170.0 131. 0 5.24 
s .d. 0.78 
5 pellets - left 5.0 20.0 12.5 10.56 
1 pellet - right 10.0 20.0 15.0 8.80 
Right lever FT adjusted 15.0 30.0 22.5 5.87 
FTs - 132 seconds 
Mean 10.0 23.3 16.7 8.41 
s. d. 2.37 
Table 8 (continued) 
Food 
Comparison 
5 pe 11 ets - 1 ef t 
9 pellets - right 
Right lever FT adjusted 
FTs - 17 seconds 
Mean 
s.d. 
9 pellets - left 
1 pellet - right 
Right lever FT adjusted 
FTs - 64 seconds 
Mean 
s . d. 
9 pellets - left 
1 pellet - right 
Left lever FT adjusted 
FTs - 5 seconds 
Mean 
s.d. 
3 pellets - left 
9 pellets - right 
Left lever FT adjusted 
FTs - 96 seconds 
Mean 
s.d. 
3 pellets - left 
1 pellet - right 
Left lever FT adjusted 
FTs - 50 seconds 
Mean 
s.d. 
Subject 
Decrease 
(Seconds) 
45. 0 
45.0 
45.0 
45. 0 
5.0 
5.0 
5.0 
5. 0 
Subject 
80.0 
75.0 
85.0 
80.0 
15. 0 
15.0 
42.0 
66.0 
34.5 
70.0 
80.0 
150.0 
100.0 
01 
Increase 
(Seconds) 
04 
90.0 
78.0 
84.0 
84.0 
60.0 
15.0 
10. 0 
28.3 
102.0 
120. 0 
111. 0 
111. 0 
25.00 
72.00 
84.00 
84.00 
66.25 
210.0 
90.0 
210.0 
170.0 
Indifference 
(Seconds) 
67. 5 
61. 5 
64.5 
64. 5 
32. 5 
, o.. 0 
7.5 
16.7 
91. 0 
97. 5 
98.0 
95.5 
20.0 
43.5 
63.0 
75.0 
50.4 
140.0 
85.0 
180.0 
135.0 
124 
Ratios 
3. 97 
3. 62 
3.79 
3.79 
o. ,a 
1. 97 
6 .40 
8 . 53 
5.63 
3 . 35 
18.20 
19. 50 
19.60 
19. 10 
0. 78 
4.80 
2. 21 
1. 52 
1. 28 
2.45 
1. 61 
2.80 
1. 70 
3.60 
2. 70 
0.95 
125 
Table 8 (continued) 
Subject 04 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Rati OS 
1 pellet - left 5.0 45. 0 25.0 5.44 
5 pellets - right 25.0 45.0 35.0 3.88 
Left lever FT adjusted 15.0 45.0 30.0 4.53 
FTs - 136 .seconds 
Mean 15.0 45.0 30.0 4.62 
s . d. 0.78 
9 pellets - left 35.0 50. 0 42.5 l. 41 
5 pellets - right 40.0 45. 0 42. 5 1.41 
Left lever FT adjusted 40.0 55. 0 47.5 1. 58 
FTs - 30 seconds 
Mean 38. 3 50. 0 44.2 1.47 
s . d. 0.10 
-----------------------------------------------------------------
1 pellet - left 20.0 96.0 58.0 3 .10 
9 pellets - right 30.0 72.0 51. 0 3.53 
Left lever FT adjusted 25.0 60.0 42.5 4. 24 
FTs - 180 seconds 
Mean 25.0 76. 0 50.5 3.62 
s.d. 0.58 
Table 8 (continued) 
Food 
Comparison 
1 pellet - left 
9 pellets - right 
Right lever FT adjusted 
FTs - 5 seconds 
9 pellets - left 
3 pellets - right 
Right lever FT adjusted 
FTs - 150 seconds 
Mean 
s . d. 
l pellet - left 
3 pellets - right 
Right lever FT adjusted 
FTs - 25 seconds 
Mean 
s . d. 
Subject 07 
Decrease Incre'ase 
(Seconds) (Seconds) 
15. 0 55.0 
10. 0 20.0 
15. 0 30.0 
13.3 35.0 
114. 0 132. 0 
78.0 132.0 
90.0 144.0 
94.0 136.0 
126 
Indifference 
(Seconds) Ratios 
150.0* 
35.0 4.29 
15. 0 10. 00 
22.5 6.67 
24. 2 6.99 
2.87 
123.0 4. 92. 
105. 0 4.20 
117 .0 4.68 
115. 0 4.60 
0.37 
* Indifference on the first food comparison, 1 to 9 food pellets, 
was directly produced by adjusting the left lever FT until re-
sponse detenn i ned choice proportions deviated from 1.0 by less 
than .07 for five sessions. This procedure required 45 sessions 
to obtain ind i fference. 
Resoonse Indifference 
Choice Left Right 
Left Right Prooortions Clock Clock 
986 1054 0.94 5 150 
944 911 1.04 5 150 
902 950 0.95 5 150 
732 709 1.03 5 150 
1079 1039 l. 04 5 150 
127 
Tab 1 e 9 
Results of the Manual Titration Procedure and the Resulting 
Indifference Times from Set a of Experiment 2 
Subject 03 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Ratios 
9 pellets - left 20.0 80.0 50. 0 10. 00 
1 pellet - right 15. 0 54. 0 40.0 8.00 
Left lever FT adjusted 20.0 65.0 42.5 8.50 
Mean 18.3 iO.O 44.2 8.83 
s .d. 1. 04 
3 pe 11 ets - left 5.0 20.0 12. 5 2. 50 
9 pellets - right 10. 0 25.0 17. 5 3.50 
Right lever FT adjusted 5.0 25.0 15.0 3.00 
Mean 6.7 23.3 15. 0 3.00 
s.d. o. 50 
3 pellets - left 20. 0 45.0 32.5 6.50 
1 pellet - r1gnt 15. 0 25.0 20. 0 4.00 
Left lever FT adjusted 20.0 40.0 30.0 6.00 
Mean 18. 0 36.6 27.5 5.50 
s .d. 1. 32 
l pe 11 et - 1 ef t 10.0 55.0 32. 5 6. 50 
5 pellets - right 35.0 50.0 42.5 8.50 
Right lever FT adjusted 15.0 45.0 30.0 6.00 
Mean 20.0 50.0 35.0 7.00 
s.d. 1. 32 
9 pellets - left 10.0 35.0 22.5 4.50 
5 pellets - right 5.0 25.0 15. 0 3.00 
Left lever FT adjusted 10.0 35.0 22.5 4.50 
Mean 8.3 31. 7 20.0 4.00 
s. d. 0.37 
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Table_ 9 (continued) 
Subject 03 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Ratios 
pellet - left 30.0 45.0 37.5 7. 50 
9 pellets - right 15. 0 55. 0 35.0 7.00 
Right lever FT adjusted 20.0 45.0 32.5 6.50 
Mean 21. 7 48. 3 35.0 7. 00 
s .d. 0.50 
Subject 02 
9 pellets - le f t 20.0 120.0 70.0 14.00 
l pellet - right 35. 0 90.0 77 .5 15.50 
Left lever FT adjusted 45. 0 60.0 57. 5 11. 50 
Mean 30. 0 90. 0 60.0 13. 67 
s .d. 2.02 
----------------------------------------------------------------
3 pe 11 ets - left 15.0 65. 0 40.0 8.00 
9 pe 11 ets - right 10.0 45. 0 27. 5 5.50 
Right lever FT adjusted 20.0 55. 0 37.5 7.50 
Mean 15. 0 55.0 35.0 7.00 
s . d. 1. 32 
-----------------------------------------------------------------
3 pell ets - le f t 20.0 45.0 32. 5 7.50 
l pelle t - right 15. 0 35.0 25. 0 5.00 
Left lever FT adjusted 15. 0 50.0 32.5 7.50 
Mean 16. 6 43.0 32.5 6.67 
s.d . l. 44 
l pellet - left 15.0 55.0 35.00 7.00 
5 pellets - right 35.0 55.0 45.00 9.00 
Right lever FT adjusted 35.0 50.0 42. 50 8.50 
Mean 28.3 53.3 40.83 8. 17 
s. d. 1.04 
Table 9 (continued) 
Food 
Comparison 
9 pellets - left 
5 pellets - right 
Left lever FT adjusted 
l pe 11 et - left 
9 pellets - right 
Right lever FT adjusted 
Mean 
s . d. 
Subject 02 
Decrease Increase 
(Seconds) (Seco~ds) 
30.0 180.0 
35.0 180.0 
60.0 138.0 
41. 7 166.0 
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Indifference 
(Seconds) Ratios 
--* 
l 05. 0 21.00 
107. 5 21. 50 
99.0 19.80 
l 03.8 20. 77 
0.87 
* Indifference at 9 to 5 pellet food comparison was set at l .0. 
After 30 sessions of the manual titration procedure, the subject 
showed no clear preference for either 9 or 5 pellets. The var~ 
iance accounted for without the 9 to 5 pellet datum was 75 
percent and with the added point set to l .O was 68 percent. 
Table l O 
Results of the Manual Titration Procedure and the Resulting 
Indifference Times from Set~ of Experiments l and 2 
Subject 01 ( Exoeriment 1) 
Food Decrease Increase Indifference 
Comparison (Seconc.5) (Seconds) (Seconds) 
3 pellets - left 35.0 66.0 50.5 
1 pellet - right 45.0 108. 0 76.5 
Left lever FT adjusted 40.0 66.0 53.0 
FTs - 5 seconds 
Mean 40.0 80.0 60.0 
s.d. 
130 
Ratios 
10. 10 
15.30 
10.60 
12.00 
3.37 
----------------------------------------~------------------------
3 pellets - left 
7 pellets - right 
Left lever FT adjusted 
FTs - 60 seconds 
Mean 
s . d. 
7 pellets - left 
l pellet - right 
Left lever FT adjusted 
FTs - 20 seconds 
Subject 
1 pellet - left 
3 pellets - right 
Right lever FT adjusted 
FTs - 5 seconds 
Mean 
s.d. 
20.0 35.00 27.50 2. 18 
5.0 25.00 15. 00 4.00 
5.0 20.00 12.50 4.80 
10.0 26.67 18.34 3.56 
1. 34 
Animal died 
04 (Experiment l ) 
30.0 78.0 54.0 10. 80 
35.0 78.0 56.5 11. 30 
25.0 90.0 57.5 11. 50 
30.0 83.0 56.0 11. 20 
0.36 
, 3, 
Table 10 (continued) 
Subject 04 (Experiment 1) 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Rat i OS 
7 pellets - left 5.0 35.0 20.0 3. 00 
3 pe 11 ets - right 5. 0 35.0 20.0 3. 00 
Right lever FT adjusted 15.0 45.0 30.0 2.00 
FTs - 60 seconds 
Mean 8. 3 38.3 23.3 2.67 
s.d. 0. 58 
1 pe 11 et - left 120.0 150. 0 135.0 5.87 
7 pellets - right 102. o 120.0 111. o 4.83 
Right lever FT adjusted 90.0 138.0 114. o 4.96 
FTs - 23 seconds 
Mean 104.0 136.0 120.0 5. 22 
s . d. 0. 57 
Subject 02 (Experiment 2) 
1 pe 11 et - left 25.0 66.0 45.5 9.34 
3 pellets - right 20.0 66.0 43.0 8.60 
Right lever FT adjusted 25.0 78. 0 51.5 10.30 
FTs - 5 seconds 
Mean 23.3 70.0 46.7 9.40 
s.d. 0.85 
7 pellets - left 5.0 25.0 15.0 3.00 
3 peilets - right 5.0 15.0 10.0 2.00 
Left lever FT adjusted 5.0 10.0 7.5 l. 50 
FTs - 5 seconds 
Mean 5.0 16.7 1 o. 9 2. 17 
s.d. 0.76 
-----------------------------------------------------------------
1 pelle~ - left 30.0 72.0 51.0 10.20 
7 pellets - right 30.0 84.0 57.0 11 .40 
Right lever FT adjusted 30.0 84.0 57.0 11 . 40 
FTs - 5 seconds 
Mean 30.0 80.0 55.0 11. 00 
s. d. 0.69 
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Table 10 (continued) 
Subject 03 (Experiment 2) 
Food Decrease Increase Indifference 
Comparison (Seconds) (Seconds) (Seconds) Rati OS 
pellet - left 25.0 66.0 45.50 6.53 
3 pellets - right 5.0 45.0 25.50 5. 10 
Right lever FT adjusted 20.0 35.0 27.50 5.50 
FTs - 5 seconds 
Mean 16.7 48.7 32.67 5.71 
s.d. 0.74 
7 pellets - left 40.0 55.0 47.5 9.50 
3 pellets - riqht 15.0 55.0 35.0 7.00 
Left lever FT adjusted 15.0 50.0 32.5 6.50 
FTs - 5 seconds 
Mean 23.3 53. 3 38.3 7.67 
s . d. l. 61 
l pellet - left 25.0 84.0 54. 5 10 .90 . 
7 pellets - right 10.0 108. 0 59.0 11 . 80 
Right lever FT adjusted 15. 0 108.0 61. 5 12.30 
FTs - 5 seconds 
Mean 16.7 100. 0 58.4 11. 67 
s. d. 0. 71 
Table 11 
The Pre-comparison Trained Indifference to Criterion with 
Number of Sessions in Parenthesis 
Subject Resoonse 
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Left 
810 
1032 
1081 
Riaht Choice Prooortion 
01 
(33) 
04 
(20) 
07 
( 13) 
08* 
(27) 
03 
(30) 
02 
(30) 
588 
622 
1105 
885 
921 
895 
776 
698 
666 
618 
966 
563 
549 
914 
639 
755 
1109 
1077 
630 
636 
1197 
948 
872 
941 
803 
689 
693 
619 
1033 
532 
514 
879 
674 
l. 07 
0.93 
1. 00 
1. 07 
1. 02 
1. 02 
0. 93 
1. 06 
0.95 
0.97 
1. 01 
0.95 
1.00 
0. 94 
1. 06 
l. 07 
l.04 
0.95 
* 08 was intended for Experiment l but died during the first food 
comparison in a laboratory epidemic, Fall, 1978. 
Tab 1 e 12 
The Indifference Probes between Sets a and b 
- -
Response Time Obtained 
Subject Count Allocation Food l\moun ts 
-- -
Choice Choice 
Left_ Rill!.1-L Pro(lortion Left Ri91!L Proportion Lef!_ Ri.9h1 RatiQ__ 
794.0 786.0 l. 01 560.0 636.0 0.88 11. 0 9.0 l. 20 
631.0 863.0 0.73 579.4 554. l l. 05 10.0 9.0 l.11 
Dl 769.0 1105. 0 0. 70 458.0 838.8 0.55 8.0 11.0 0. 73 
(Experiment 1) 564.0 806.0 0. 70 369.2 551.0 0.67 7.0 12.0 :0. 58 
823.0 755.0 l.09 504.7 591.8 0.85 11. 0 8.0 1.38 
---- - -- - --- ----- --- ---
Mean 716.2 863.0 0.05 49'1.3 63'1.0 0.80 9.4 9.8 l.00 
455.0 844.0 0.54 215.6 466.3 0. 46 10.0 10.0 l. 00 
919.0 845.0 l. 09 4n.6 405.7 l. 21 9.0 11.0 0.82 
04 1070. 0 lM4.0 l.02 '186. 5 550. l 0.88 10.0 10.0 1.00 
(Experiment l) 620.0 505.0 1. 22 452.8 420.7 l. 00 9.0 11. 0 0.82 
741.0 605.0 1.22 384.7 285.3 1. 35 10.0 10.0 l.00 
-- ·- - -- -- ·-- ---- ---·-- - -- ---
Mean 768.6 760.6 1. 01 406.4 425.6 0.95 9.6 10.4 0.93 
----------------------------------------------------------------------------------------------------
(.J 
~ 
Table 12 (continued) 
Response Time Obtained 
Subject Count Allocation Food Amounts 
Choice Choice 
Lef_L Ri 9!!.L Proportion Left Right Pro~ortion Left Right Ratio 
392.0 499.0 0. 79 236. 0 502. 7 0.47 10.0 10. 0 1.00 
404.0 861.0 0. 47 216.9 489.3 0 .'14 8.0 10.0 0.80 
02 434.0 677 .0 0.64 181.8 600. 1 0 . 30 9.0 11. 0 0.82 
(Experiment 2) 734.0 818.0 0.90 385.6 581.4 0.66 10.0 10.0 1.00 
326.0 290.0 1. 12 284.0 359.4 0.79 5.0 7.0 o. 71 
---
Mean 458.0 629.0 0.73 260.9 506.6 0.52 8.4 9.6 0.88 
----------------------------------------------------------------------------------------------------
764.0 686.0 1. 11 597.8 375.5 1. 59 11. 0 9.0 1.220 
647.0 953.0 0.68 589.5 567.9 1. 04 8.0 11. 0 0. 720 
03 852.0 595.0 1. 43 571.5 337.0 1. 70 10.0 10.0 1. 000 
(Experiment 2) 476.0 1099.0 0.43 368.0 583. l 0.63 11. 0 9.0 1.220 
799.0 894.0 0.89 511. 9 474.5 1. 07 9.0 11.0 0.820 
--- --
Mean 707.6 845.4 0.83 527.7 467.6 1. 13 9.8 10.0 0.996 
w 
lT1 
01 
Table 13 
The Values of the Parameters of the Matching Equation 
Resulting from Experiment l 
(Fioure 3) 
Ln c b r 
-
R 0.55 0.64 0.94 
TA -0.03 0.95 0.88 
I l.08 0.55 0.47 
04 (Fioure 4) 
Ln c b r 
-
R 0. 65 0. 56 0. 70 
TA 0. 89 0.39 0.63 
I 0. 39 0.79 0.56 
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Tab 1 e 14 
The Values of the Parameters of the Matching Equation 
Resulting from Experiment 2 
02 (Figure 6) 
Ln c b r 
R -0.07 0.81 0. 96 
TA -0.63 1. 19 0.97 
I 0.29 1. 12 0.82 
03 (Figure 7) 
Ln c b r 
R 0.03 0.75 0.96 
TA 0. 16 o. 74 0. 90 
I 1.25 0.46 0. 63 
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Figure 11. The transitivity tests of the time allocation 
measure for Dl. Each test is separated by a 
vertical line and the ST in the upper left 
quadrant of a division~ndicates a strong 
transitivity outcome for that test . The 
lines in the center of the bars represent 
the standard error associated with the means. 
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Figure 12. The transitivity tests of the time allocation 
measure for 04. Each test is separated by 
a vertical line and the ST in the upper left 
quadrant of a division indicates a strong 
transitivity outcome for that test. The 
lines in the center of the bars represent 
the standard error associated with the means. 
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Figure 13. The transitivity tests of the time allocation 
measure for 07. Each test is separated by a 
vertical line and the ST in the upper left 
quadrant of a division indicates a strong 
transitivity outcome for that test. The 
lines in the center of the bars represent 
the standard error associated with the means. 
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Figure 14. The transitivity tests of the time allocation 
for 02. Each test is separated by a vertical 
1 ine and the ST in the upper left quadrant 
of a division---,ndicates a strong transitive 
outcome for that test. The line in the center 
of each bar indicates the standard error 
associated with the mean. 
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Figure 15. The transitivity tests of the time allocation 
for 03. Each test is separated by a vertical 
line and the ST in the upper left quadrant 
of a division-i-ndicates a strong transitive 
outcome for that test. The line in the center 
of each bar indicates the standard error 
associated with the mean. 
40 
;:: .. 
-~ 
30 
(J) 
0 
~ 
a: 20 ST 
z 
<( 
w 
::E 
10 
03 
TIME ALLOCATION 
ST ST 
9-3 3-1 ·s-1 9-5 5-1 9-1 7-3 3-1 7-1 
FOOD COMPARISONS 
147 
Food 9:3 
Comparisons 3: l 
9: l 
Transitivity 
Food 9:5 
Comparisons 5:1 
9: l 
Transitivity 
Food 3: l 
Comparisons 7:3 
7: l 
Transitivity 
Table l 5 
The Transitivity Tests for Response Count and Indifference 
in Experiment l wit h the Standard Frrors of the Means 
Ratio 
6.78 
4.42 
6. l O 
Mod. 
3.01 
7.26 
32.91 
01 
Strong 
3.36 
6. 74 
---
- · ------ -- -- -
Error 
l. 57 
0.39 
0.71 
0.25 
3.76 
7.95 
2.43 
l.26 
Response 
Count 
Ratio 
14.20 
3.00 
11.86 
Mod. 
2.03 
6.68 
5.23 
Mod. 
3.26 
6.20 
8.45 
Mod. 
04 
Error 
4. 18 
0.35 
l. 07 
0. 19 
0.59 
0. 77 
l.40 
0.81 
3. 15 
Transit ivitt Tests 
07 
Ratio Error 
10.30 2.03 
7.32 0.29 
11. 06 2. 15 
Strong 
---
---
---
01 
Ratio 
3.86 
5.24 
18.90 
Strong 
3.79 
8.41 
5.63 
12.02 
3.66 
---
Error 
0. 53 
0.45 
l. 96 
0.10 
l.36 
l. 93 
2.23 
o. 77 
-- - - - --- -
Indifference 
Rat i OS 
04 
Ratio 
2.45 
2.70 
19.10 
Strong 
l.47 
4.62 . 
3 .. 62 
Mod. 
11.20 
3.27 
5.21 
Mod. 
Error 
--
0.81 
0.55 
0.45 
0.60 
0.45 
0.33 
0.21 
0.33 
0.33 
07 
Ratio Error 
6.99 l. 65 
4.60 0.21 
30.00 
Strong 
_. 
~ 
OJ 
Food 9:3 
Comparisons 3:1 
9: l 
Transitivity 
Food 9:5 
Comparisons 5:1 
9: l 
Transitivity 
Food 3:1 
Comparisons 7:3 
7: l 
Transitivity 
Table 16 
The Transitivity Tests for Response Count and Indifference 
in Experiment 2 with the Standard Errors of the Means 
~~~~~~~~~~~~~~~~~~~ -~~~~~~ 
Ratio 
2.39 
3.41 
5.02 
Strong 
1.13 
7.79 
9.80 
Mod. 
24.85 
2.81 
23.29 
Mod. 
02 
Error 
0.22 
0.25 
0.26 
0.08 
1.22 
3.75 
7.99 
0.97 
8. 77 
Response 
Count 
Ratio 
2.44 
2.60 
7.90 
Strong 
2.73 
2.97 
9.46 
Strong 
2.30 
l. 72 
5.30 
Strong 
03 
Transitivity Tests 
Error 
0.06 
0.30 
l. 18 
0. l O 
0.42 
l. 98 
0.10 
0.30 
2.08 
02 
Ratio 
7.00 
6.67 
12.27 
Strong 
1.00 
8.17 
20. 77 
Strong 
9.40 
2. 17 
11. 00 
Strong 
Indifference 
Error 
0. 76 
0.83 
l. 17 
0'.00 
0.60 
0.50 
0.49 
0.44 
0.40 
Rati OS 
Ratio 
3.00 
5.50 
8.83 
Strong 
4.00 
7.00 
7.00 
Strong 
5.71 
7.67 
11.67 
Strong 
03 
Error 
--
0.29 
0.76 
0.60 
0.50 
0.76 
0.29 
0.43 
0.93 
0.41 
.f:,, 
ID 
Food 9:3 
Comparisons 3:1 
Transitivity 
Food 
Comparisons 
Transitivity 
Food 
Comparisons 
Transitivity 
9: 1 
9:5 
5: 1 
9: 1 
3: 1 
7:3 
7: 1 
Table 17 
The Transitivity Tests for Response Count and Indifference in 
Experiments l and 2 with the Standard Errors of the Means 
Transitivity Tests for Time Allocation 
Ex~eriment 1 Exeeriment 2 
01 
Ratio Error 
13.60 2.95 
1. 70 0.29 
3.82 0.55 
Mod. 
2.37 0.23 
15.64 9.53 
66.29 23.21 
Strong 
3.60 0.75 
9.75 4.57 
---
-----------
04 
Ratio 
4.29 
2.90 
12.88 
Strong 
2.36 
5.27 
4.28 
Mod. 
3.27 
9.23 
9.24 
Mod. 
Error 
0.52 
0.23 
1. 16 
0. 12 
2.08 
0.56 
1.03 
2.50 
3.95 
--------- - -
07 
Ratio Error 
14.05 2.82 
6.10 0.71 
11. 14 1. 56 
Mod. 
---
---
---
02 
Ratio Error 
3.98 n.55 
2.71 0.44 
5.33 0.55 
Strong 
0. 92 0. 14 
26.25 14.09 
25.93 16.88 
37.92 12.40 
2.57 0.51 
61. 98 27.60 
Mod. 
03 
Ratio 
2. 15 
5.09 
10. 27 
Strong 
3.73 
2.95 
11. 22 
Strong 
2. 16 
1. 95 
5.25 
Strong 
Error 
0.09 
0.87 
1. 61 
0. 72 
0.40 
2.06 
0.27 
0. 14 
1. 92 
__. 
u, 
0 
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RESEARCH INTERESTS 
Basic : 
Experimental Analysis of Behavior; application of prob-
abilistic choice models to concurrent behaviors, 
matching-based choice, extension of multi-operant behav- . 
ior to manipulation by contingencies in natural environ-
ments, information processing and stimulus control. 
Generalized imitation; parameters controlling imitation 
in children, the relation of imitation in children to 
elicited behavior. 
Gaming and simulations; parameters controlling coopera-
tive and exploitive behaviors accessing a common re-
source. 
Applied: 
Individual counseling; development of self-management 
skills using behavioral principles. 
Group processes and counseling; use of natural contin-
gencies in groups in bringing about behavioral change. 
Social issues; application of gaming/simulations and 
behavioral principles in modifying social behavior re-
sulting in significant social problems. 
Psychophysiological procedures; application and verifi-
cation of biofeedback techniques to alleviating indi-
vidual problems including relaxation techniques such 
as Jacobson Standard Relaxation and Autogenics. 
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The design and implementation of behavioral interventions 
for controlling behaviors, disruptive behaviors, or build-
ing desirable behaviors in classroom settings. 
The use of behavioral principles in management of social 
care delivery systems in team building and maintaining 
task oriented behavior. 
The development of a residential curriculum for the de-
velopment and maintenance of prosocial behavior in the 
developmentally disabled. This includes the identifica-
tion of the necessary cnmponents of an optimum behavioral 
model for a residential program. 
Developing skills and eliminating disruptive behaviors 
in developmentally retarded persons with the objective 
of obtaining maximum practicable normalization in their 
life patterns. 
Theoretical and methodological: 
Quantitative models; application of quantitive models to 
standard operant procedures to better specify and under-
stand the nature of the assumptions and the effect of 
these assumptions on the relevant variables. 
Time series analysis; application of time series tech-
niques in the analysis of single subject data. 
TEACHING INTERESTS 
Experimental: 
Experimental analysis of behavior, single subject design 
and methodology, experimental psychology, statistics and 
group experimental methodology, theory and history of 
learning, instrumentation, quantitive theories of learn-
ing. Background, but no special teaching interests in 
perception and physiological psychology. 
Applied: 
Behavior modification, relaxation techniques, applica-
tions of behavioral principles to self-management, bio-
feedback, alternative social futures, gaming and simu-
lation, general developmental characteristics, behavior 
management, legal issues in applied behavior analysis, 
training the developmentally disabled, self-injurious 
behavior, aggression and disruptive behavior, and func-
tional family therapy. 
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